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METHOD FOR PREPARING FERTILE 
TRANSGENIC CORN PLANTS 


This is a continuation of application Set. No. 07/974,379, 
filed Nov. 10, 1992, now US. Pat. No. 5,538,877, which 
application was a continuation of Ser. No. 07/467,983, filed 
Jan. 22, 1990, now abandoned. 


BACKGROUND OF THE INVENTION 


2 


Fad 


ct al. 1988). Thus, while maize protoplasis and some other 
cells have previously been transformed, the resulting trans- 
formants could not be regenerated into fertile transgenic 
pleats. 

On the other hand, it has been known that at least certain 
corn callus can be regenerated to form mature plants in 2 
rather straightforward fashion and that the resulting plants 
were ofien fertile. However, no stable transformation of 
maize callus was ever achieved, ic. there were no tech- 
niques developed which would permit a successful stable 


This invention relates to fertile transgenic plants of the MO. oo eteenalion OF 4 regenerable callus. An example of a 
species Zea mays (oftentimes referred to herein as maize or — maize callus transformation technique which has been tried 
corn). The invention further relates to producing transgenic is the use of Agrobacterium mediated transfer. 
planis via particle bombardment and subsequent selection The art was thus faced with a dilemma. While it was 
techniques which have been found to produce fertile trans- kaown that corn protoplast and suspension culture cells 
genic plants. 15 could be transformed, no techniques were available which 

Genetic engineering of plants, which entails the isolation would regenerate the transformed protoplast into a fertile 
and manipulation of genetic matenal (usually in the form of plant. While it was known that corp callus could be regen- 
DNA or RNA) and the subsequent introduction of that erated into a fertile plant, there were no techniques known 
genetic material into a plant or plaat cells, offers consider- which could transform the callus, particularly while not 
able promise to modern agriculture and plant breeding. 20 destroying the ability of the callus both lo regenerate and to 
Increased crop food values, higher yields, feed value, form fertile plants. ; 
reduced production costs, pes! resislance, stress tolerance, Recently, a new transformation techmique has been cre- 
drought resistance, the production of pharmaceuticals, ated based upon the bombardment of intact cells and tissues 
chemicals and biological molecules as-well as other benefi- with DNA-coated microprojectiles. Tbe technigue, dis- 
cial traits are all potentially achievable through gencuc 25 closed 10 Sanford et al. (1987) as well as 10 EPO Patent 
engineering techniques. Once a gene has been identified, Publication 331,855 of J. C. eee et al. based upon U.S. 
cloned, and engineered, it is still necessary to introduce it Set NG: 161,807, filed Feb. 29, 1988, has been shown 
: = ; : effective al producing transient gene expression in some 
into a plant of interest in such a manner that the resulting : a : : : 

: . i‘ : plant cells and tissues including those from onion, maize 
plant is both fertile and capable of passing the gene on to 11s 39 (Klein et al. 1988a), tobacco, rice, wheat, and soybean, and 
PICessy: stable expression has been obtained in tobacco and soy- 

A variety of methods have been developed and are beans. In fact, stable expression has been obtained by 
currently available for the transformation of vanous plants bombardment of suspension cultures of Zea mays Black 
and plant cells with DNA. Generally these plants have been Mexican Sweet (Klein et al. 1989) which culturcs are, 
dicotvledonous, and some success has been reported with , Z however, uon-regenerable suspension culture cells, not the, 
certain of the monocotyledonous cereals. However, some ~ callus culture cells used in the process of the present 
species have heretofore proven untransformable by any invenuion. 
method. Thus, previous to this discovery, no technology had No protocols bave been published describing the intro- 
been developed which would permit the production of stably duction of DNA by a bombardment technique into cultures 
transformed Zea mays’ plants in which the transforming ,, of regenerable maize cells of any type. No stable expression 
DNA is heritable thereof. This failure in the art is well ~ ofa gene bas been reported by means of bombardment of 
documented in the literature and bas been discussed in a corn callus followed by regeneration of fertile plants and no 
number of recent reviews (Potrykus, 1989; Weising et al., regenerable fertile corn has resulted from DNA-coated 
1988: Cocking et al, 1987). microprojectile bombardment of the suspension cultures. 

European Patent Publns. 270,356 (McCabe et al.) and , Thus, the art bas failed to produce fertile transformed cor 
275,069 (Arntzen et al.) describe the introduction of DNA se ape MARE 
Pace : boos ae A further stumbling block to the successful production of 
ts pollen followed by pollina tion of maize ears and fertile transgenic maize plants has been in selecting those 
formation of seeds. The plants germinated from these seeds few transformants in such a manner that neither the regen- 
are alleged to contaio the introduced DNA, but there 1s DO eration capacity nor the fertility of the regenerated transfor- 
suggestion that the introduced DNA was beritable, as bas sy mant are destroyed. Due to the generally low level of 
been accomplished in the present invention. Only if the transformants produced by a transformation technique, the 
DNA introduced into the corm is heritable can the com be — need for selection of the transformants is self-evident. 
used in breeding programs as required for successful com- —_ owever, selection generally entails the use of some toxic 
mercialization of transgenic corn. agent, e.g. herbicide or antibiotic, which can effect eilber the 

Graves et al. (1986) claims Agrobacterium-mediated 55 regenerability or the resultant plant fertility. 
transformation of Zea mays seedlings. The alleged evidence It is thus an object of the preseat invention to produce 
was based upon assays knowa to produce incorrect results. fertile, stably transgenic, Zea mays plants and seeds which 

Despite extensive efforts lo produce fertile transformed transmit the introduced gene to progeny. It is a further object 
corn plants which transmit the transforming DNA to to produce such stably transgenic plants and seeds by a 
progeny, there bave been 10 reported successes. Many 60 particle bombardment and selection process which results in 
previous failures have been based upon gene transfer to a high level of viability for a few transformed cells. It is a 
maize protoplasts, oftentimes derived from callus, liquid further object to produce fertile stably transgenic plants of 
suspension culture cells, or other maize cells using a variely other graminaceous cereals besides maize. 
of transformation techniques. Although several of the tech- REFERENCES CITED 
niques have resulted in successful wansformation of corn 65 


cells, the resulting cells either could not be regenerated into 
corn plants or the corn plants produced were sterile (Rhodes 
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Case 1:04-cv-00305-SLR Document 238-4 


Filed 01/19/2006 Page 8 of 34 


REDACTED VERSION — PUBLICLY FILED 


US 6,946,587 Bl 


3 

M. Bevan et al., Nuc. Acids Res., 11., 369 (1983) 

Chu, C C, et al. (1975) Sci Sin (Peking) 18:659-668 

Cocking, F, et al; (1987) Science 236:1259-1262 

DeWet et al. (1985) Proc Natl Sci USA 82:7870-7873 

Freeling, J C, et al. (1976) Maydica XX1:97—112 

Graves, A, et al. (1986) Plast Mol! Biol 7:43-50 

Green, C, et al. (1975) Crop Sci 15:417-421 

Green, C E, (1982) Plant Tissue Culture, A Fujiwara ed. 
Maruzen, Tokyo, Japan pp 107-8 

Green, C, et al. (1982) Maize for Biological Research, Plant 
Mol Biol Assoc, pp 367-372 

Gritz, L, et al. (1983) Gene 25:179-185 

Guilley, H, ct al. (1982) Cell 30:763-773 

Jefferson, R, et al. (1987) EMBO J. 6:3901-3907) 

Kamo, K, et al. (1985) Bot Gaz 146:327-334 

Klcin, T, et al. (1989) Plant Physiol 91:440-444 

Klein, T, et al. (1988a) Proc Natl Acad Sci USA 85:4305-9 

Klein, T, et al. (1988b) Bio/Technology 6:559-563 

Lu, C, et al. (1982) Theor Appl Genet 62:109-112 

McCabe, D, et al. (1988) Bio/Technology 6:923-926 

Murashige, T, et al. (1962) Physiol Plant 15:473-497 

Neuffer, M, (1982) Maize for Biological Research, Plant 
Mol Biol Assoc, pp 19-30 

Phillips, R. et al. (1988) Corn apd Corn Improvement, 3rd 
ed., Agronomy Soc Amer, pp 345-387 

Potrykus, I (1989) Trends in Biotechnology 7:269-—273 

Rhodes, C A, et al. (1988) Science 240:204—7 

Sambrook, J, et al (1989) Molecular Cloning: A Laboratory 
Manual, 2nd ed., Cold Spring Harbor Laboratory Press 

Sanford, J, et al. (1987) J Part Sci & Techn 5:27-37 

Weising, K, et al., (1988) Ana Rev of Genetics 22:421-478 

YYanisch-Perron, L, ct al. (4985) Gene 33:109-119 


SUMMARY OF THE INVENTION 


The present invention relates to fertile transgenic Zea 
mays plants containing heterologous DNA, preferably chro- 
mosomally integrated heterologous DNA, which is heritable 
by progeny thereof. 

The invention further relates to all products derived from 
transgenic Zea mays plants, plant cells, plant parts, and 
seeds. 

The invention further relates to transgenic Zea mays seeds 
stably containing beterologous DNA and progeny which 
inherit the heterologous DNA. 

The invention further relates to a process for producing 
fertile transgenic Zea mays plants containing heterologous 
DNA. The process is based upon microprojectile 
bombardment, selection, and plant regeneration techniques. 

The invention further relates to a process for producing 
fertile transformed plants of graminaceous plants other than 
Zea mays which have not been reliably transformed by 
traditional methods such as electroporation, Agrobacterium, 
injection, aud previous ballistic techniques. 

The invention further relates to regenerated fertile mature 
maize plants from uansformed embryogenic tissue, trans- 
genic seeds produced therefrom, and Ri and subsequent 
generations. 

In preferred embodiments, this invention produces the 
fertile transgenic plants by means of a DNA-coated micro- 
projectile bombardment of clumps of fnable embryogenic 
callus, followed by a controlled regimen for selection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. LA shows a map of plasmid vector pHYGI1 utilized 
in Example I. FIG. 1B shows the relevant part of pHYGIi 


45 


50 
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4 
encompassing the HPT coding sequence and associated 
regulatory elements. The base pair numbers start from the 5’ 
nucleotide in the recognition sequence for the indicated 
restriction enzymes, beginning with the EcoRI site at the 5' 
ead of the CaMV 35S promoter. 

FIG. 2A shows a map of plasmid vector pBII221 utilized 
in Example I. FIG. 2B shows the relevant part of pbi1221 
encompassing the GUS coding sequence and associated 
regulatory clemenits. 


FIG. 3A depicts the pHYGl-containing fragments 
employed as probes in a Southern blot aud analysis of PH1 
callus. FIG. 3B is a Southem blot of DNA isolated from the 
PH1 callus line and an untransformed control callus line. 


FIG. 4A depicts the pHYGi-containing fragments 
employed as probes in Southern blot analysis of PH1 Ro 
plants. FIG. 4B is a Southern blot of leaf DNA isolated from 
Ro plants regenerated from PH1 and untransformed callus. 


FIG. 5A depicts the pHYG1- containing fragments 
employed as probes in Southern blot analysis of PH1 Rl 
plants. FIG. 5B and FIG. 5C are a Southern blot of leaf DNA 
isolated from R1 progeny of PH1 Ro plants and untrans- 
formed Ro plants. 


FIG. 6A depicts the pHYGl-containing fragments 
employed as probes in a Southern blot analysis of PH? 
callus. FIG. 6B is a Southern blot of DNA isolated from the 
PH2 callus linc and an untransformed contro} callus line. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The present invention is directed 1o the production of 
fertile transgenic plants and seeds of the species Zea mays 
and to the plants, plant tissues, and seeds derived from such 
transgenic plants, as well as the subsequent progeny aod 
products derived therefrom. The transgenic plants produced 
herein include all plants of this species, including field com, 
popcorn, sweet cor, flint corn and dent com. 

“Transgenic” is used herein to include any cell, cell line, 
callus, lissue, plant part or plant which contains heterolo- 
gous DNA tbat was introduced into plant material by a 
process of genetic engineering, or which was initially 1ntro- 
duced into a plant species by such a process and was 
subsequently transferred to later generations by sexual or 
asexual cell crosses or cell divisions. 


By “heritable” is meant that the DNA is capable of 
transmission through a complete sexual cycle of a plant, 1.€. 
passed from one plant through its gametes to its progeny 
plants in the same manner as Occurs 10 normal corn. 

The transgenic plants of this invention may be produced 
by (i) establishing friable embryogenic callus from the plant 
io be transformed, (ii) transforming said cell line by a 
microprojectile bombardment technique, (iu) controllably 
identifying or selecting transformed cells, and (iv) regener- 
ating fertile transgemic plants from the transformed cells. 
Some of the plants of this invention may be produced from 
the transgenic seed produced from the fertile transgenic 
planis using conventional crossbreeding techniques to 
develop commercial hybrid seed containing heterologous 
DNA. 

1. Plant Lines and Tissue Cultures 

The cells which bave been found useful to produce the 
fertile transgenic maize plants herein are those callus cells 
which are regenerable, both before and after undergoing a 
selection regimen as detailed further below. Generally, these 
cells will be derived from meristematic tissue which contain 
cells which have not yet terminally differentiated. Such 
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tissue in graminaceous cereals in general and in maize, 1n 
particular, comprise lissues found in juvenile leaf basal 
regions, wnmiature tassels, immature embryos, and coleop- 
tilar bodes. Preferably, immature embryos are used. Meth- 
ods of preparing aod maintaining callus from such ussuc and 
plant types are well known in the art and details on so doing 
are available in the literature, c.f. Phillips et al. (1988), the 
disclosure of which is hereby incorporated by reference. 
The specific callus used must be able to regenerate into a 


fertile plant. The specific regeneration capacity of particular 10 
callus is important to the success of the bombardment/ The heterologous DNA used for transformation herein 
selectios process used herein because during and following may be circular or linear, double-stranded or single- 
selection, regeneration capacity may decrease significantly. stranded. Generally, the DNA is in the form of a plasmid and 
It is therefore important to start with cultures that have as contains coding regions of beneficial heterologous DNA 
hich a degree of regeneration capacity as possible. Callus ,; with flanking regulatory sequences which serve to promote 
which ig more than about 3 months and up to about 36 ‘the expression of the heterologous DNA present ia the 
roonths of age has been found to have a sufficiently high resultant corn plant. “Heterologous DNA” is used herein to 
level of regenerability and thus is currently preferred. The inchide all synthetically enginecred or biologically derived 
regenerative capacity of a particular culture may be readily DNA which is introduced into a plant by man by genetic 
determined by transferring samples thereof to regeneration | COSIDESTINE, including but not limited to, aon-piant genes, 
medium and monitoring the formation of shoots, roots, and 29 modified genes, synthetic genes, portions of genes, as well 
plantlets. The relative number of plantlets arising per Petri 35 DNA and genes from maize and other plant species. 
dish or per gram fresh weight of tissue may be used as a The compositions of and methods for constricting beter- 
rough quanlitative estimate of regeneration capacity. ologous DNA for successful transformations of plants is 
Generally, a culture which will produce at least one plant per well known to those skilled in the art, and the same 
gram of callus tissue will be preferred. 25 compositions and methods of construction may be ulilized to 

While maize callus cultures can be initiated from a produce the heterologous DNA useful herein. The specific 
number of different plant tissues, the cultures useful herein = Composition of the DNA is not central to the present 
are preferably derived from immature maize embryos which invention and the invention 1s not dependent upon the 
are removed from the kernels of ao car when the embryos § = COmIpostuion of the specific transforming DNA used. Weis- 
are about 1-3 mm in length. This length generally occurs 30 'S el al. (1988), the subject matter of which is incorporated © 
about 9-14 days after pollination. Under aseptic conditions, herein by reference, describes suitable DNA components 
the embryos are placed on conventional solid media with the thereof which include promoters, polyadenylation 
embryo axis down (scutellum up). Callus tissue appears sequences, selectable marker genes, reporter genes, 
from the scutellum after several days to a few weeks. After enhancers, introns, and the like, as well as provides suitable 
the callus has grown sufficiently, the cell proliferations from ,, references for compositions thereof. Sambrook et al. (1989) 
the scutelium may be evaluated for friable consistency and provides suitable methods of construction. 
the presence of well-defined embryos. By “friable consis- Generally the heterologous DNA will be relatively small, 
tency” is meant that the tissue is casily dispersed witboul i.e. less than about 30 kb to minimize any susceptibility to 
causing injury to the cells. Tissue with this morphology is physical, chemical, or enzymatic degradation which is 
then transferred to fresh media and subcultured on a routine known to increase as the size of the DNA increases. 
basis about every two weeks. 40 Suitable heterologous DNA for use herein includes all 

The callus initiation media is solid because callus cannot DNA which will provide for, or enhance, a beneficial feature 
be readily initiated in liquid medium. The iniliation/ of the resultant transgenic corn plant. For example, the DNA 
maintenance media is typically based on the N6 salts of Chu may encode proteins or antisense RNA transcripts in order 
et al. (1975) as described in Armstrong ct al. (1985) or the to promote increased food values, bigher yields, pest 
MS salts of Murashige et al. (1962). The basal medium is 45 resistance, disease resistance, and the like. For example, a 
supplemented with sucrose and 2,4-dichlorophenoxyacetic bacterial dap A gene for increased lysine; Bt-endotoxin gene 
acid (2,4-D). Supplements such as L-proline and cascin or protease inhibitor for insect resistance; bacterial ESPS 
hydrolysate have been found to improve the frequency of synthase for resistance to glyphosate berbicide, chitinase or 
initiation of callus cultures, morphology, and growth. The glucan endo-1,3-B-glucosidase for fungicidal properties. 
cultures are generally maintained in the dark, though low 5s Also, the DNA may be introduced to act as a genetic tool to 
light levels may also be used. The level of synthetic hormone generate mutants and/or assist in the identification, genetic 
2,4-D, necessary for maintenance and propagation, sbould tagging, or isolation of segments of com DNA. Additional 
be generally about 0.3 to 3.0 mg/l. examples may be found in Table 1. 

TABLE 1 


6 


Although successful transformation and regeneration has 
been accomplished herein with friable embryogenic callus, 
this is pot meant to imply that other transformable regener- 
able cells, tissue, or organs cannot be employed to produce 
the fertile transgenic plants of this invention. Tbe only actual 
requirement for the cells which are transformed is that after 
transformation they must be capable of regeneration of a 
plant containing the heterologous DNA following the par- 
licular selection or screening procedure aciually used. 

li. DNA Used for Transformation 


ttt tt 


Eukaryotic genes transferred to higher plants 
cd oe 





Origin of gene Transferred constructs Transformed species Mode of foreign gene expression References 
Animals 

Drosophila heat shock gene 5’ hsp7O/npull/s" ocs tobacco (plants, tamers) +  temperature-depcndeat and 308, 209 
hsp 70 organ-specific 

Drosophila copia element LFR = 5’ copia/cat rice, wheal and sorghum (-) transient, but strong 245 


{proteplasis) 
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nt Rt 


Origin of gene 


firefiy luciferase gent 


Rabbit B-globin gene 
Human a-globin gene 
Chicken G-actin gene 
Chicken ovalburam gene 
Mouse metallothionein 
gene (mmit) 


Mouse dihydrofolate reductase 


gene (DHFR) 


Humane growth bermone 
gene (bgh) 


SV40 carly genes 


HSV thymidine kinase 
gene (tk) 
Adenovirus type 5 ELA gene 


Yeast 





Yeast ADH 
Plant virus 


cDNA encoding TMV coat 
protein (tabecco 

mosaic virus) 

cDNA encodiag AMY coat 
protein (alfalfa 

mosaic virus) 

cDNAs encoding A- and B- 
component of TOMY 
(iomato goldea 

mosaic virus) 

cDNA encoding CMV 
(cucumber mosaic 

virus) satellitc RNA 

Plants 


Bean phaseolin geat 


Bean pbytobemagglutinin-L 
gene (PHA-L) 


Soybean f-conglyciain gene 
{a subunit} 


Soybean fi-conglycinin gene 
(B subunit} 


Fukarvotic genes uansferred to higher plants 


Transferred cansiructs 


S' CaMV 35SAuciferase 
cDNAJS" nas 

3‘ CaMV 19S fuciferase 
cDNA/3' nos 

5' deletion senes 
genomic 

3 nos/a-globia 
gegomic 

genomic 

5 mmicat 


5’ CaMV 35S/DHFR-cDNA! 
3 nes 


5 CaMV 35S/hgb 


3 nas/hgh/3" nes 


5 CaMV 35S/ngh/hgh 3 


¥ SV40/cat 
3' CaMV 35S/cay3* SV40 


¥ HSVikicat 


3' CaMV 35S/ELA/ 
3 ELAS rbcS 


genomic 


5’ CaMV 3SS/TMVcDNA/S 
3 nos 


5 CaMV 19S/AMVcDNA 
5) CaMV 35S/AMVcDNA/ 
3 nos 

scparale transformation with 
either A- of B- 

component via 
agroinfection 

3 CaMV 35S/CMVcDNA/ 
3 nas 


5’ ocs/phaseelin genomic 


genomic 


5° phaseolin/phascolin- 
cDNA/3" phaseclin 

5" phaseolin/maize zein/ 
3' phaseolin 


genomic 


genomic 
5' deletion sesies 


5 CaMV 35S or 19S/ 
conglycinin/3’ nos 


genomic 


Transformed species 


tobacco (plants) 
carrot (protoplasts) 


tobacco (tumors) 
tobacco (plants) 
tobacco (fimors) 
tobacce (tumors) 
tabacco (umors) 


Petunia (plants) 
tobacco (plants, tumors} 


tobacco and sunflower 
{uamors) 


tobacco (plants) 


tobacco (tumers)} 
tobacco (plants) 


tobacco (tumors) 


tobacco (planis) 


tobacco (plants) 


tobacco (plants) 


tcbacco and tomato (plants) 


Petunia {plants) 


tobacco (plants) 


sunflower (tumors) 


tebacco (plants) 


tobacco (mmors)} 


tobacco (plants) 


tobacco (plants) 


Petunia (plants) 


Petunia (plaats) 


tcbacco and Petunia (plants) 


Mode of foreign gene expression 


(+) 


ra 


transient 


nol expressed 
incorrect Lranscript processing 
nol expressed 
incorrect transcript processing 
noi expressed 


expression confers 
methotrexate 

resistance 

incorrect branscript processing 


transcription, but acither 
processing aor 
translation 

incorrect transcript 
polyadenylation 

not expressed 

incorrect transcript 
polyadenylation 


not expressed 


termination within rbcS, ELA 
polyadcaylation site 
not used 


nol expressed 


expression confers enhanced 
resistance to TMV 

infection 

expression confers enhanced 
Tesislance to AMV 

infection 

only A-compoacals in tandem 
are able to replicate 


expression confers cabanced 
resistance to CMV 
infection 


expressed and processed 
correctly 
development-specific 
expression in seeds: 
targeting lo protein 
bodies in endosperm 

2nd embryos 

higher expression than using 2 
genomic clone 
developmical-specific zcin 
gene expression in 
tobacco seeds. Zein 
accumulation 
development-specific 
expression in tobacco 
seeds 
develapment-specific 
expression in Petunia 
seeds depending on 5° 
sequences 

constitutive expression: 35S > 
1SS; 20 fold clonal 
variglion 
development-specific 
expression in seeds 


References 


”. 349 
246, 247 


230 


131, 289 
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10 


ern Nett RCAC Rt 


Origin of gene 


Fukarvolic eenes transferred to higher piants 


Transferred constmicts 


Traosformed species 


Mode of foreign gene expression 


References 


eevee inertia OOP ES TON NTCNNNCEINTCTS CTCTAE ATTEN AI NNN 


Potato patatin gene 


Maize zen gene 


Wheat glutenin genes 


Wheat chlorophyll a/o binding 
protein (cab) gene 


Pea cab gene 


Petunia cab gene 


Arabidopsis cab gene 
Pea ribulose 15- 
Bischosphate carboxylase 


smail 
subunit gene (rocS) E9 


Pea rocS 3.6 


Pea rbeS 3A, 3C 


3° patatincal/3’ nos 


3°’ ST-LS.]/patatin/3" patatin 


gecomc 


3 phaseolin/zein/3’ phascolin 


5' glutenin/ca/3’ nos 


genome 


cab/eat 

5 cab/5’ CaMV 35Sicav 
3 rbeS 

3' deletion series 

3 cab/aptll 

5 cab/5* nosfapul 


3 cab/focs 
5’ cab/nos 


S° cableat 


genomic 
5' rbeS/cat 
5° deletion series 


genomic 
5° deletion series 


3 rbcS/eat/3’ nos 
5' deletion series 


5' rheS/rbeS transit sequence/ 
opul 


Fy 


* rheS/apttl 


genomic 


potate (plants) 


icbacco (plznis) 


sunflower (tumors) 


tobacco (plants) 


tobacco (plants) 


+ 


(+) 


Petunia and tobacco (plants) + 


tobacco (plants} 


tabacco (plants) 


Petunia and tobacco (plants) + 


tobacco (plants) 


Petunia (humors) 


Petunia and tobacco (plants) + 


tobacco (tumors) 


tobacco (tumors and plenis) + 


tobacco (plants) 


Petunia (plants) 


organ-specific expression in 
tubers 

light-regulated aad orgen- 
specific expression 
depending ox the ST- 
LS.1 promoter. 

Correct splicing of 
patatin mRNA. 
treasctiptioa, but no detectzble 
protein 
development-specific 
expression in tobacco 
seeds 
development-specific 
expression in tobacco 
seeds 

hgbt-reguleted and organ- 
specific expression tn 
leaves 
phytochrome-reguiated 
expression in icaves 
depending on 3 
sequences 


ight-regulated, organ-and ceil- 
specific expression, 
depending on 
enhancer/silencer-like 

5" sequences. 

Involvement of 
phytochrome. 

Correlation to the 
presence of 

chloroplasts. 

clonal veriation of expression 
(209 feild) 

independent of copy 
number end homa-/ 
heterologous host 
genome 

light-reguiated and organ- 
specific expression 
light-repulsted expression 
dependent on 3° 
sequences 


light-regulated and organ- 
specific expression 
dependent cn 5’ 
sequences: 25-fald 

clonal variation 
light-regulated expression 
dependent on 
enbancer-like 

sequence 

light-regulated expression and 
targeting of neomycin 
phosphotransferase 

into chloroplasts; 

analysis of signal 
sequences 

light-regulated, organ- and 
cell-specific 

expression. 

involvement of 2 
blue-light receptor 
regulation of transcription by 
phytochrome- and/or 
blue-light receptor 
depending on the 
developmeatal state 


126, 217 


152, 338 


269, 285, 349, 


370 


304 


105 
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TABLE j-continued 


nt Re 


Eukarvotic senes transferred to higher plasts 


Origis of gene Transferred constructs Transformed species Modc of foreign gene expression References 
Pea rocS 3A, E9 3 rbeS/S° CaMV 355S/cal Petunia and tobacco (plants) + hght-regulaied and orgaa- 106, 198 
5 deiction series specific expression 
depending on 


enhancer- and 
silepesr-like 3° 
sequences 
light-reguiated expression 100 
light-regulaied expression 295 
light-regulaled expession 300 
mediated by 
phytochrome 
Soydsan, pea and Petunia rbcS 3° rbeS/nptf1/3" nos tomato (pleats) + expression stronger than 218 
directed by nes- 
promoter 
Nicotiana plaumbagintiohz 5 rocS/eat icbacco and Petunia (plants) +  light-regulated and orgaa- 262, 341 
rbeS 8B specific expression; 3- 
fold clonal variation 
independent of home-/ 
heterologous host 
genome 
Wheat sbcS genomic tobacco (plants) (+) no expression under the 182 
3' CaMV 35S/rbcS/3" rbcS control of wheal 
promoter, CaMV 35S 
promoter is necessary 
Potato ST-LS.1 2ene genomic, modified by exon potate and tobacco {plants} +  lightregulaicd ead orgen- 95, 322 


oybean rbcS 


th 


3 rocS/aptH/3" ocs soybean (tumors) 
3’ rbeS/nos Kalanchoe (tumors) 
3 rbeS/npul/3" nos Petunia (plants) 


‘ 
+* 


+ 


+ 


lagging specific expression 
depending on the 
preseace of 
chloroplasts and 5 
sequences. Clonal 
variziion parallels 
copy number, but is 
independent of hamo-/ 
heterologous host. 
5‘ ST-LS.1/patalin/3' patatin tobacco (plants) + light-regulated and organ- 
specific expression 
depeading on the ST- 
LS.1 promoter 
sequcnccs 
Petroseliaum and Antirrhinum 3° chs(A)/apulL/3’ chs(P) tobacea (plznts) + UV-B-light-reguiated 180 
chalcone synthase 5 deletion senes expression dependent 
genes (chs) on enbancer-like 3 

sequences 
potate proteinase inhibitor genomic tobacco (plants) +  wound-inducible expression 276, 337 
geoe (PE ID 5 Pl W/cay3’ T-DNA gene 6b depending on 3’ and 

5° PI W/cavs'Pl il 3° sequences; 
systemic spreading by 
transacting factors 

Soybean heat shock gcne genomic sunfiower (tumors) ead +  temperature-regulated 24, 284 
hs 6873 5° deletion senes tobacco (plants) expression depending 


i 
wt 
LA 


on 5* sequences 
Soybean heat shock gene genomic sunfiower (tumors) + expression regulated by 139 
Gmbsp 17.SE 5} deletion series temperature and 
presence of cadmium 
and arsenite 
depending on 5’ 
. sequences 
Maize heat shock gene bsp70 genomic Petunia (plants) +  temperature-regulated 272 
, expression 
Maize alcohol dehydrogenase 1 5’ CaMV 35S/cavAchl intronf tobacco (plants) (+) maize Adhf intron is nol 182 
gene (AdhI) 3 rbeS removed from the 
transctipt 
3 AdhVcat tobacco (plants) and maize (+) anacrobically inducible cat- 97, $8, 164 
S ocs/5" Adbl cat (protoplasts) expression dependent 366 
3 CaMV 35S/5° Adblcat on 5* Adhl sequences 
5' AdhI deletion series only if additional 
CaMV- of ocs- 
prometer/enhascer 
sequences are present. 
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eee ENE ttt NENT tt 


Eulervotic genes transferred to higher plants 


Origia of gene Transferred constructs Transformed species Mode of foreign gene expression References 
erence isp eranrenretatshirereerrsrentanreett eth itt en ee ee ennai e inne ome 
Maize sucrose synthase gene 5° ss/npill/3" ocs wheat (protoplasts) (+) transital expression 373 
(ss) 
3 ssénpull maize (proteplasts) (+) transicaoi expression 72 
suspension-culture 
derived but not in 
leaf~cerived 
protoplasts 
Soybean f-tubulin gene genomic todacco (plants) + 138 
cowpea trypsin inlubiter gene ¥ CaMV 35S/CpTY3° nes tobacce (plants} + expression enbances resistance 153 
{CpTt) lo insect pesis 
Petunia EPSP synthase gene 53 CaMV 35S/EPSP/3" nos Petunia (plants) + 5355$-directed EPSP 291 
overproduction 
confers glyphosate 
tolerance 
5S T7-T-DNA/Petunia EPSP —_tobaoco (plants) + expression of bacterial EPSP, 84 
transit tareeling into 
sequence/pacienal chloroplasts, 
EPSP (aroA) coding glyphosate tolerance 
region 
Soybean leghemoglobin gene genoac tcbacce (plants) n.d. 330 
IibeS 
3S lbeSicays’ ldc3 Lotus corniculams {plants} +  development-specific and 170, 323, 324 
inducible expression 
only in nodules and 
onty after infection by 
Rhizobium; 
dependence on 3° 
regulatory sequences 
Nicotiana plumb ginifolia 5' insert 7/5' nos/npull tobacco (plants) + transient protoplast-specific 163 
“insert 7 enhancer- overexpression of 
like sequence apt 
Nicotians plumbe ginijolia 3 CaMV 35S/atp2-1 signal tobacco (pleats) + catenzyme is targeted into 4 
ATP synthase gence sequence/cat mitochondria 
(atp2-1); f subunit 
Maize transposable elements Ac or Ds within borders of tobacco (nunoss and shools) + Ac is capable of self-catalyzed 15, 16 


Ac and Ds 


wary locus 


transposition 


NN 


Abbreviations: 


copia LTR - long termisal repeat of copia transposable clement 


HSV - Herpes simplex virus 


Adb - alcoho! dehydrogenase gene 

ST-LS 1 - Solanum nuiberosum leaf/stem-specific gene 

EPSP - 5-enolpyruvylshikimate-3-phosphate (gene) 

Ibe3 - member of the leghcmoglobia gene femily 

Ac, Ds - maize transposable elements (activator, Gissociation) 


sbcS - ribulese-1,5-bisphosphate carboxylase small subunit gene 


cab - chlorophy! 2/> binding protein gene 
npull - neomycin phosphotransferase It gene 


ocs - octopins synthase gene 
nes - nopaline synthase gene 


cat - chloramphenicol acetyltransferase gene 


CaMV 35S, 19S - cauliflower mosaic virus genes encoding 35S and 19S-transcript, respectively 


genomic - transfered construct contains the entire gene including 5S’ and 3° regions 


Mode of expressioa: 


+ ~ comect expression cf stably integrated gene 


(+) - transient expression, or transcription followed by incorrect processing and/or translation 


(~} - gene is not transcribed 


The heterologous DNA to be introduced into the plant 
further will generally contain either a selectable marker or a 
reporter gene or both to facilitate identification and selection 
of transformed cells. Alternatively, the selectable marker 65 
may be catried on a separate piece of DNA and used in a 
cotransformation procedure. Both selectable markers and 


reporter genes may be flanked with appropriate regulatory 
sequences to enable expression in plants. Useful selectable 
markers are well known in the art and include, for example, 
antibiotic and herbicide resistance genes. Specific examples 
of such genes are disclosed in Table 2. 
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I pr TOVOOIOUI DUTT 
Selectable marker and reporter genes in plan! esncic transformation 
Usctul as 
Selectable Scorable Resistance 
Gene Ongin Encoded enzyme marker reporter against 
eR RR I 
Neomycin phosphatransferase Tn neomycin phesphotransicrase ++ + neomycin Kanamycis G-413' 
gene HI (npti) 
Neomycin pbosphotransferase Na60} neomycin phosphotransterese + + neomycin kacamycin G-4187 
gene I (spt!) 
Chloramphenicol acetyltransferase Tad chloramphenicol {+) ++ chlorempbenicol? 
gene (cat) acetyltransferase 
Bacterial DHFR pene plasmid R67 = dihydrofolate reductase + e methoirexats* 
Mutated c-DNA of a mouse mouse dihydrofolate reductase + + methotrexate” 
DHFR gene 
Octopine synthase gene ({ocs) T-DNA octopine synthase + ++ loxic opine precursor 
analogues, Le. aminoethylcystein® 
Nopaline synthase gene (a9s) T-DNA nopaline synthase - cd 
Hygromycia phosphotraasferase E. colt hygromycin phesphotransicrase ++ - hygromycin B® 
gene (hp!) 
Bleomycin resistance gene Tad ? + - bleomycin? 
Sueptomycia phosphotransicrase ToS strepiomycin phosphotransterase {+) (+) streptomycin ®® 
gene 
coatrol plants 
are not Killed 
by streptomycin 

zrOoA gene Salmonella EPSP synthase a+ ss glyphosate! 

ophimunum 
ber pene Strepiomices — phasphinothnicin + ~ phosphinothricin, bialaphos** 

fygroscopicus acetyllransferase 
fi-zalactosidase gene E. colt f-palactosidass - + aw? 
Gljucuronidase gene (GUS) E. coli glucuronidase - ++ —-)* 
Bacterial luciferase gene Vibrso harvesi luciferase ~ + — 
Firefiy luciferase gene Phoriras luciferase ~ + —! 

peralis 


ree renee teneremteteremtasninesstneettintittien et tet TT LC CCC 


Only some represcatative references wese chosen in case of the nptil, nas, ocs and cat genes. 


Abbreviations 

Ta——transpuson 

DHFR—dibydrafolate reductase 

EPSP synthase-—5-enolpynivyiskikimate-3-phosphate synthase 
14¢ Bewren ef al., Nature, 304, 185 (1983); M. DeBlock et al., 
22. T. Fraley et al., PNAS USA, 80, 1803 (1983); HL Pretrzak et 


EMBO J., 8, 1681 (1984); L Herrero-Estrella et al., EMBO J., 2, 987 (4983). 
al, Nucl. Acids Res., 14, 5857 (1986). 


244 DeBlock et al, EMBO J., 3, 1681 (1984); | Herrere-Estrells ct al, Nature, 303, 209 (1983). 
“N_ Brisson et al., Nature, 310, 511 (1984); M. DeBlock et al., ibid., 1. Herrera-Estrella et al., EMBO J., 2, 987 (3983). 


“Dp. A. Eichholtz ct al, Somat. Cell. Mol. Genet, 13, 67 (1987). 


SG. A. Dahl et al., Theor. Appl. Genet, 66, 233 (1983), H. De Geve et al., Nature, 300, 752 (1982); A. Hockema et al., Plant Mol. Biol., 5, 85 (1985); 


M. G. Koztel et al., J. Mol. Appl. Genet, 2, 549 (1981). 


77. G. Jones et al, EMBO J., 4, 2511 (1985); C. HL Shaw et al., Nuc. Aci 


ds Res., 14, 6003 (1986); P. Zambryska et al., EMBO J, 2, 


2443 (1983). 


Pa M. Lioyd ef al., Science, 284, 464 (1986); P. 1. M. Van den Hazen et al., Plant MO}, Bicl., $, 299 (1985); C. Waldroa ct al., Plant Mol. Biol., 5, 103 


3985). 
3. Hille et al., Plant Mol. Biol., 7, 171 (4986). 
10) D. G. Jones et al., Mol. Gen. Genet, 210, 86 (1937). 


21 Comai et al., Nature, 317, 741 (1985); J. J. Inllatti et al., Biotechnology, 5, 726 (1987). 
2244 DeBlock et al., EMBO J., 6, 2513 (1987); C. L Thompson et al., EMBO J., 6, 2519 (1987). 


73G Heimer et al. Biotechnology, 2, 520 (1984). 


47 RQ Gallic et al, Nuc. Acids Res., 15, 8693 (1987), R. A. Jefferson et al., EMBO J., 6, 1901 (1987). 


SC Koncz et al_, Mol. Gen. Genet., 204, 383 (1996). 


16h) W. Ow et al., Science, 234, 856 (1986), D. W. Ow et al., PNAS USA, 84, 4870 (1987); C. D. Riggs et al., Nucl. Acids Res., 15, 8135 (1987). 


A preferred’ selectable marker gene is the hygromycin B 
phosphotransferase (HPT) coding sequence, which may be 
derived from E. coli. Other selectable markers known in the 
art include aminoglycoside phosphotransferase gence of 
transposon ToS (Aphif) which encodes resistance to the 
antibiotics kanamycin, neomycin, and G418, as well as 
those genes which code for resistance or tolerance to 
glyphosate, methotrexate, imidazolinones, sulfonylureas, 
bromoxynil, dalapon, and the like. Those selectable marker 
genes which confer herbicide resistance or tolerance are also 
of commercia! utility in the resulting transformed plants. 
Reporter genes which encode for easily assayable marker 
proteins are well known in the art. In general, a reporter gene 
is a gene which is not present or expressed by the recipient 
organism or tissue and which encodes a protein whose 


aa 


60 


65 


expression is manifested by some easily detectable property, 
¢.g. phenotypic change or enzymatic activity Examples of 
such genes are provided in Table 2. Preferred genes include 
the chloramphenicol acetyl transferase gene from To9 of E. 
coli, the beta-glucuronidase gene of the uidA locus of E. 
coli, and the luciferase genes from firefly Photinus pyralis. 

The regulatory sequences useful herein include any 
constitutive, inducible, tissue or organ specific, or develop- 
mental stage specific promoter which can be expressed in 
the particular plant cell. Suitable such promoters are dis- 
closed in Weising et al, supra. The following is a partial 
representative list of promoters suitable for use herein: 
regulatory sequences from the T-DNA of Agrobacterium 
tumefaciens, including mannopine synthase, nopaline 
syothase, and octopine synthase; alcohol dehydrogenase 
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promoter from corn, lgbt inducible promoters such as, 
ribulose-biphosphate-carboxylase small subumit gene from a 
variety of species; and the major chlorophyll a/b binding 
protein gene promoter; 35S and 19S promoters of cauli- 
fiower mosaic virus; developmentally regulated promoters 
such as the waxy, zein, or bronze promoters from maize; as 
well as synthetic or other natural promoters which are either 
inducible or constitutive, including those promoters exhib- 
iling organ specific expression or expression at specific 
development stage(s) of the plant. 

Other elements such as introns, enhancers, polyadenyla- 
_ tion sequences and the like, may also be present on the 
DNA. Such elements may or may not be necessary for the 
function of the DNA, although they can provide a better 
expression or functioning of the DNA by affecting 
transcription, stability of the mRNA, or the like. Such 
elements may be included in the DNA as desired to obtain 
the optimal performance of the transforming DNA in the 
plant. For example, the maize AdbIS first inuon may be 
placed between the promoter and the coding sequence of a 
particular heterologous DNA. This intron, when included ia 
a DNA consirucuon, is known to generally increase expres- 
sion in maize cells of a proicin. (Calis et al. 1987) However, 
sufficient expression for a selectable marker to perform 
satisfactorily can often be obtained without an intron. (Keio 
et al. 1989) An cxample of an alternative suitable intron is 
the sbrunken-1 first mtron of Zea mays. These other ele- 
ments must be compatible wiih the remainder of the DNA 
constructions. 


Jo determine whether a particular combination of DNA 3 


and recipient plant cells are suitable for use herein, the DNA 
may include a reporter genc. An assay for expression of the 
reporter gene may then be performed at a suitable ume after 
the DNA has been introduced into the recipient cells. A 
preferred such assay entails the use of the E. colt beta- 
glucuronidase (GUS) gene (Jefferson et al. 1987). In the case 
of the microprojectile bombardment transformation process 
of the present invention, a suitable time for conducting the 
assay is about 2~3 days after bombardment. The use of 
transient assays is particularly important when using DNA 
components which have not previously been demonstrated 
or confirmed as compatible with the desired recipient cells. 
Ili. DNA Delivery Process 

The DNA can be introduced into ithe regenerable maize 
callus cultures via a particle bombardment process. A gen- 
eral description of a suitable particle bombardment instru- 
ment is provided in Sanford et al. (1987), the disclosure of 
which is incorporated herein by reference. While protocols 
for the use of the instrument in the bombardment of maize 
non-regenerable suspension culture cells are described in 
Klein et al. (1988a, 1988b, and 1989), no protocols have 
been published for the bombardment of callus cultures or 
regenerable maize cells. 

In a microprojectile bombardment process, also referred 
to as a biolistic process, the transport of the DNA into the 
callus is mediated by very small particles of a biologically 
inert material. When the inert particles are coated with DNA 
and accelerated to.a suitable velocity, one or more of the 
particles is able to enter into one or more of the cells where 
the DNA is released from the particle and expressed within 
the cell. While some of the cells are fatally damaged by the 
bombardment process, some of the recipient cells do 
survive, stably retain the introduced DNA, and express if. 

The particles, called microprojectiles, are generally of a 
high density material such as tungsten or gold. They are 
coated with the DNA of interest. The microprojectiles are 
then placed onto the surface of a macroprojectiie which 


a) 


10 


i5 


46 
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serves to uansfer the motive force from a suilable cnergy 
source to the microprojectiles. After the macroprojectile and 
the microprojectiles are accelerated to the proper velocity, 
they contact a blocking device which prevents the macro- 
projectile from contiouing its forward path but allows the 
DNA-coated microprojectiles to continue on and impact the 
recipient callus cells. Suitable such instrumenis may use 2 
variety of motive forces such as gunpowder or shock waves 
from an electric are discharge (C. Sanford et al.,/. Particle 
Science and Technology, 5, 27 (1987)). Anu wstrument 10 
which gunpowder is the motive force is currently preferred 
and such is described and further explained in Sanford et al. 
(1987), the disclosure of which is incorporated herein by 
reference. 

A protocol for the use of the gunpowder instrument is 
provided in Kiein et al. (1988a, b) and involves two major 
sleps. First, tungsten microprojectiles are mixed with the 
DNA, calcium chlonde, and spermidine free base in a 
specified order in an aqueous solution. The concentrations of 
the vanous componenets may be varied as taught. The 
currently preferred procedure entails exactly the procedure 
of Klein et al. (1988b) except for doubling the stated 
optimum DNA conceniration. Secoadly, in the actual 
bombardment, the distance of the recipient cells from the 
end of the barre] as well as the vacuum in the sample 
chamber. The currently preferred procedure for bombarding 
the callus entails exactly the procedure of Klein et al. 
(1988b) with the recipient tissue positioned 5 cm below the 
slopping plate tray. 

The callus cultures useful herein for generation of trans- 
genic plants should generally be about 3 months to 3 years 
old, preferably about 3 to 18 months old. Callus used for 
bombardment should generally be about midway between 
transfer periods and thus past any “lag” phase that might be 
associated with a transfer to a new media, but also before 
reaching any “stationary” phase associated with a long time 
on the same plate. 

The specific tissue subjected to the bombardment process 
is preferably taken about 7-10 days after subculture, though 
this is not believed critical. The tissue should generally be 
used in the form of pieces of about 30 to 80, preferably about 
40 to 60, mg. The clumps are placed on a petri dish or other 
surface and arranged in essentially any manner, recognizing 
that (i) the space in the center of the dish will receive the 
heaviest concentration of metal-DNA particles and the tissue 
located there is likely to suffer damage during bombardment 
and (ii) the number of particles reaching a cell will decrease 
(probably exponentially) with increasing distance of the cell 
from the center of the blast so that cells far from the center 
of the dish are not likely 10 be bombarded and transformed. 
A mesh screen, preferably of metal, may be laid on the dish 
{o prevent splashing or cjection of the ussue. The tissue may 
be bombarded one or more times with the DNA-coated 
metal particles. 

IV. Selection Process 

Once the calli have been bombarded with the DNA and 
the DNA has penetrated some of the cells, if 1s necessary to 
identify and select those cells which both contain the het- 
erologous DNA and stil retain sufficient regenerative capac- 
ity. There are two general approaches which have been 
found useful for accomplishing this. First, the transformed 
calli or plants regenerated therefrom can be screened for the 
presence of the heterologous DNA by various standard 
methods which could include assays for the expression of 
reporter genes or assessment of phenotypic effects of the 
hetcrologous DNA, if any. Alternalively and preferably, 
when a sclectable marker gene has been transmitted along 
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with or as part of the heterologous DNA, those cells of the 
callus which have been transformed can be identified by the 
use of a selective agent to detect expression of the selectable 
marker gene. 

Selection of the putative transformants is a critical part of 
the successful transformation process since selection condi- 
tions must be chosen so as to allow growth and accumulation 
of the transformed cells while simultaneously mbibiting the 
growth of the non-transformed cells. The situation is com- 


20 


are well known in the art and are not repeated here. The 
presence of the gene can also be confirmed by conventional 
procedures, i.e. Southern blot or polymerase chain reaction 
(PCR) or the like. 
V. Regeneration of Plants and Production of Seed 

Cell lines which have been shown to be transformed must 
then be regenerated into plants and the fertility of the 
resultant plants determined. Transformed hues which test 
positive by genotypic and/or phenotypic analysis are then 


plicated by the fact that the vitality of individual cells in a 10 placed on a media which promotes tissue differentiation aod 
population is often highly dependent on the vitality of plant regeneration. Regeneration may be cared out in 
neighboring cells. Also, the selection conditions must not be accordance with standard procedures well known in the art. 
so severe thal the plant regeneration capacity of the callus The procedures commonly entail reducing the level of auxin 
cells and the fertility of the resulting plant are precluded. which discontinues proliferation of a callus and promotes 
Thus the effects of the selection agent on cell viability and 15 somatic embryo development or other tissue differentiation. 
morphology sbould be evaluated. This may be accomplished One example of such a regeneration procedure is described 
by experimentally producing a growth inhibition curve for in Green et al. (1981). The plants are grown to maturity ip 
the given selective agent and tissue being transformed a growth room or greenhouse and appropriate sexual crosses 
beforehand. This will establish the concenlration range and selfs are made as described by Neuffer (1981). 
which will inhibit growth. 20 Regeneration, while important to the present invention, 
When a selectable marker gene bas Deen used, the callus may be performed in any conventional manner. If a select- 
clumps may be either allowed to recover from the bombard- able marker has been transformed into the cells, the selection 
ment on non-selective media or, preferably, directly trans- agent may be incorporated into the regeneration media to 
ferred to media containing that agent. further confirm that the regenerated plantlets are trans- 
Selection procedures involve exposure to 2 toxic agent 25 formed. Since regeneration techniques are well known and 
and may employ sequential changes in the concentration of not critical to the present invention, any technique which 
the agent and multiple rounds of selection. The particular accomplishes the regencration and produces fertile plants 
concentrations and cycle lengths are likely to need to be may be used. 
varied for each particular agent. A currently preferred selec- VI. Analysis of Ri Progeny 
tion procedure entails using an initial selection round at a 30 The plants regenerated from the transformed callus are 
relatively low toxic agent concentration and then later referred to as the RO generation or RO plants. The seeds 
round(s) at higher concentration(s). This allows the selective produced by various sexual crosses of the RO generation 
agent to exert its toxic effect slowly over a Jonger period of plants are referred to as R1 progeny or the Ri generation. 
time. Preferably the concentration of the agent is initially When RI seeds are germinated, the resuluag plants are also 
such that about a 540% Jevel of growth inhibition will 35 referred to as the R1 generation. 
occur, as determined from a growth inhibition curve. The To confirm the successful transmission and inheritance of 
effect may be to allow the transformed cells to preferentially the heterologous DNA in the sexual crosses described 
grow and divide while inhibiting untransformed cells, but above, the R1 generation should be analyzed to confirm the 
not to the extent that growth of the transformed cells is presence of the transforming DNA. The analysis may be 
prevented. Once the few individual transformed cells have 49 performed in any of the manners such as were disclosed 
grown sufficiently the tissue may be shifted to media con- above for analyzing the bombarded callus for evidence of 
iaining a higher concentration of the toxic agent to kill transformation, taking into account the fact that plants and 
essentially all untransformed cells. The shift to the higher plant parts are being used in place of the callus. 
concentration also reduces the possibility of non- Vil. Breeding of Genetically Engineered Commercial 
transformed cells babituating to the agent. The higher leve] 45 Hybrid Seed 
is preferably in the range of about 30 to 100% growth Generally, the commercial value of the transformed coro 
inhibition. The length of the first selection cycle may be produced herein will be greatest if the heterologous DNA 
from about 1 to 4 weeks, preferably about 2 weeks. Later can be incorporated into many different hybrid combina- 
selection cycles may be from about 1 to about 12 weeks, tions. A farmer typically grows several varieties of hybrids 
preferably about 2 to about 10 weeks. Putative maize 50 based on differences in maturity, standability, and other 
transformants can generally be identified as proliferating agronomic traits. Also, the farmer must select a bybrid based 
sectors of tissue among a background of non-proliferating upon his physical location since hybrids adapted to one part 
cells. The callus may also be cultured on non-selective of the corm belt are generally not adapted to another part 
media at various times during the overall selection proce- because of differences in such traits as maturity, disease, and 
dure. : 55 insect resistance. As such, il is necessary to incorporate the 
Once a callus sector is identified as a putative heterologous DNA into a large number of parental lines so 
transformant, transformation can be confirmed by pheno- that many hybrid combinations can be produced containing 
typic and/or genotypic analysis. If a selection agent is used, the desirable heterologous DNA. This may conveniently be 
an example of phenotypic analysis is to measure tbe increase done by breeding programs in which a conversion process 
in fresh weight of the putative transformant as compared to 60 (backcrossing) is performed by crossing the initia] trans- 
a control on various levels of the selective agent. Other genic fertile plant to normal elite inbred lines and then 
analyses that may be employed will depend on the function crossing the progeny back to the normal parent. The progeny 
of the heterologous DNA. For example, if an enzyme or from this cross will segregate such that some of the plants 
protein is encoded by the DNA, enzymatic or immunologi- will carry the heterologous DNA whereas some will not. The 
cal assays specific for the particular enzyme or protein may 65 plants that do carry the DNA are then crossed again to the 


be used. Otber gene products may be assayed by using a 
suitable bioassay or chemical assay. Other such techniques 


normal plant resulting in progeny which segregate once 
more. This crossing is repeated until the orginal normal 
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parent has been converted to a genetically engincered line 
containing the heterologous DNA and also possessing all 
other important attributes originally found in the parent. A 
separate backcrossing program will be used for every eliic 
line that is to be converted to a genetically enginecred clite 
line. It may be necessary for both parents of a hybnd seed 
corn to be homozygous for the heterologous DNA. Com 
breeding and the techniques and skills required to transfer 
genes from one line or variety to another are well-known to 
those skilled in the art. Thus introducing heterologous DNA 
into lines or varieties which do not generate the appropnate 
calli can be readily accomplished by these breeding proce- 
dures. 

Vill. Uses of Transgemic Plants 


The transgenic plants produced herein are expected to be 
useful for a variety of commercial and research purposes. 
Transgenic plants can be created for use in traditional 
agriculture to possess traits beneficial to the grower (62. 
agronomic traits such as pest resistance or increased yield), 
beneficial to the consumer of the grain harvested from the 
plant (e.g. improved nutritive content in human food or 
animal feed), or beneficial to the food processor (e.g. 
improved processing traits). In such uses, the plants are 
generally grown for the use of their grain in human or animal 
foods however, other parts of the plants, including stalks, 
husks, vegetative parts, and the like, may also have utility, 
including use as part of animal silage or for ormamental 
purposes (e.g. Indian corn). Often chemical constituents 
(e.g. oils or starches) of com and other crops are extracted 
for food or industrial use and transgenic plants may be 
created which have enhanced or modified levels of such 
components. The plants may also be used for seed produc- 
tion for a variety of purposes. 

Transgenic plants may also find use in the commercial 
manufacture of proteins or other molecules encoded by the 
heterologous DNA contained therein, where the molecule of 
interest is extracted or purified from plant parts, seeds, and 
the like. Cells or tissue from the plants may also be cultured, 
grown in vitro, or fermented to manufacture such molecules, 
or for other purposes (e.g. for research). 


The transgenic plants may also be used in commercial 
breeding programs, or may be crossed or bred to plants of 


related crop species. Improvements encoded by the heter- 


ologous DNA may be transferred, e.g. from corn cells to 
cells of otber species e.g. by protoplast fusion. 


The transgenic plants may have many uses in research or 
breeding, including creation of new mutant plants through 
insertional mutagenesis, in order to identify beneficial 
mutants that might later be created by tadilional mutation 
and selection. The methods of the invention may also be 
used to create plants having unique “signature sequences” or 
other marker sequences which can be used to identify 
proprietary lines or varieties. 

The following non-limiting examples are illustrative of 
the present invention. They are presented to better explain 
the general procedures which were used to prepare the fertile 
Zea mays plants of this invention which stably express the 
heterologous DNA and which transmit that DNA to progeny. 
All parts and percents are by weight unless otherwise 
specified. It must be recognized that a specific transforma- 
tion event is a function of the amount of material subjected 
to the transformation procedure. Thus when individual situ- 
ations arise in which the procedures described herein do not 
produce a transformed product, repetition of the procedures 
will be required. 
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EXAMPLE 1 

Fertile transgenic Zea mays plants which contain heter- 
ologous DNA which is beritable were prepared as follows: 
1. Initiation and Maintenance of Maize Cell Cultures Which 
Retain Plant Regeneration Capacity 

Friable, embryogenic maize callus cultures were initialed 
from hybrid immature embryos produced by pollination of 
inbred line A188 plants (University of Minnesota, Crop 
Improvement Association) with pollen of inbred line B73 
plants (lowa State University). Ears were harvested when 
the embryos had reached a length of 1.5 to 2.0 mm. The 
whole car was surface sterilized in 50% viv commercial 
bleach (2.63% wW sodium bypochlonite) for 20 min. at room 
lemperaiure. The cars were then wasbed with sterile 
distilled, deionized water. Immature embryos were asepti- 
cally isolated and placed on outrien! agar initiation/ 
maintenance media with the root/shoot axis exposed to the 
medium. Initiation/maintenance media (hereinafter refered 
to as F medium) consisted of N6 basal media (Chu 1975) 
with 2% (w/v) sucrose, 1.5 mg per liter 2,4- 
dichlorophenoxyacetic acid (2,4-D), 6 mM proline, and 
0.25% Gelrite (Kelco, Inc. San Diego). The pH was adjusted 
to 5.8 prior to autoclaving. Unless otherwise stated, all tissue 
culture manipulations were carried out under sterile condi- 
Lions. 

The immature embryos were incubated at 26° C. in the 
dark. Cel proliferations from the scutellum of the immature 
embryos were evaluated for friable consistency and the 
presence of well defined somatic embryos. Tissue with this 
morphology was transferred to fresh media 10 to 14 days 
after the initial plating of the immature embryos. The tissue 
was thea subcultured on a routine basis every 14 to 2] days. 
Sixty to eighty milligram quantities of Ussue were removed 
from pieces of tissue that had reached a size of approxi- 
maticly onc gram and transferred to fresh media. Subcultur- 
ing always involved careful visual monitoring to be sure that 
only tissue of the correct morphology was maintained. The 
presence of somatic embryos ensured that the cultures would 
give rise lo plants under the proper conditions. The cell 
culture named AB12 used in this example was such a culture 
and had been initiated about 1 year before bombardment. 
Il. Plasmids—pCHN1-1, pHYGI1, pBIH221, and pLUC-1 

The plasmids pCHNI-1, pHYGI1, and pLUC-1 were 
constructed in the vector pBS+ (Stratagene, Inc., San Diego, 
Calif.), a 3.2 Kb circular plasmid, using standard recombi- 
nant DNA techniques. pCHN1-1 contains the hygromycin B 
phospbotransferase (HPT) coding sequence from E. coli 
(Gritz ct al. 1983) flanked at the 3' end by the nopaline 
synthase (nos) polyadenylation sequence of Agrobacterium 
tumefaciens (Chilton and Barmmes 1983). Expression is driven 
by the cauliflower mosaic virus (CaMV 35S promoter 
(Guilley et al. 1982), located upstream from the hygromycin 
coding sequence. The plasmid pH YGI1 was constructed by 
inserting the 553 bp Bcl-BamHI fragment containing the 
maize Adh1S first intron (Callis et al. 1987) between the 
CaMV 35 S promoter and the hygromycin coding sequence 
of pCHN1-1. A map of pHYGII is provided as FIG. 1A. 

pBU221 contains the FE. Coli B-glucuronidase coding 
sequence flanked at the 5' end by the CaMV 35S promoter 
and at the 3’ end by the nos polyadenylation sequence. The 
plasmid was constructed by inserting the maize AGhIS first 
intron between the 35S promoter and the coding sequence of 
pBII221 (Jefferson et al. 1987). A map of pBII221 is 
provided as F1G. 2A. 

pLUC-1 contains the firefly luciferase coding sequence 
(De Wet et al. 1987) flanked at the 5' end by the CaMV 35S 
promoter and at the 3' end by the nos polyadenylation 
sequence. This plasmid was used solely as a negative 
control. 


Page 17 of 34 


Case 1:04-cv-00305-SLR Document 238-4 


Filed 01/19/2006 


REDACTED VERSION — PUBLICLY FILED 


US 6,946,587 Bl 


Mo, 

Plasmids were introduced into the embryogenic callus 
culture AB12 by microprojectile bombardment. 
I]. DNA Delivery Process 

The embryogenic maize callus line AB12 was subcultured 
7 to 12 d prior to microprojectile bombardment. AB12 was 
prepared for bombardment as follows. Five clumps of callus, 
each approximately 50 mg in wet weight were arranged in 
a cross pattern in the center of a sterile 60x15 mm petri plate 
(Falcon 1007). Plates were stored in a closed container with 
moist paper towels throughout the bombardment process. 
Twenty six plates were prepared. 

‘Plasmids were coated onto M-10 tungsten particles 
(Biolistics) exactly as described by Klein, e1 al (1988b) 
except that, (i) twice the recommended quantity of DNA was 
used, (ii) the DNA precipitation onto the particles was 
performed at 0° C., and (iii) the tubes containing the 
- DNA-coated tungsten particles were stored on ice through- 
out the bombardment process. 

All of the tubes contained 25 ul 50 mg/ml M-10 tungsten 
in water, 25 ul 2.5 M CaCl, and 10 ul 100 mM spermidine 
free base along with a total of 5 ul 1 mg/ml total plasmid 
content. When two plasmids were used simultaneously, each 
was present in an amount of 2.5 ul. One tube contained only 
plasmid pBII221; two tubes contained both plasmids 
pHYGI1L and pBIL221; two tubes contained both plasmids 


pCHN1-1 and pBIi221; and one tube contained only plas- - 


mid pLUC-1. 

All tubes were incubated on ice for 10 min., pelletized by 
centrifugation in an Eppendorf ceninfuge at room tempera- 
ture for 5 seconds, and 25 ul of the supermatant was 
discarded. The tubes were stored on ice throughout the 
bombardment process. Each preparation was used for no 
more than 5 bombardments. 

Macroprojectiles and stopping plates were obtained from 
Biolistics, Inc. (Ithaca, N.Y.). They were sterilized as 
described by the supplier. The microprojectile bombardment 
instrument was obtained from Biolistics, Inc. 

The sample plate tray was positioned at the position 5 cm 
below the bottom of the stopping plate tray of the micro- 
projectile instrament, with the stopping plate in the slot 
below the barrel. Plates of callus tissue prepared as 
described above were centered on the sample plate tray and 
the petri dish lid removed. A 7x7 cm square rigid wire mesh 
with 3x3 mm mesh and made of galvanized steel was placed 
over the open dish in order to retain the ussue during the 
bombardment. Tungsten/DNA preparations were sonicated 
as described by Biolistics, Inc. and 2.5 ul was pipetted onto 
the top of the macroprojectiles. The instrument was operated 
as described by the manufacturer. The following bombard- 
ments were performed: 





2 x pBIi221 prep To determine Lransieat expres- 
sion frequency 

As 2 potential posilive treat- 
ment for transformation 

As 2 potential posilive ueat- 
ment for wensformation 
Negative control treatment 


10 x pHYGI1/pBU22) 
10 x pCHN1-i/pBLi221 


4x pLUC-i 





The two plates of callus bombarded with pBH221 were 
transferred plate for plate to F medium (with no 
hygromycin) and the callus cultured at 26° C. in the dark. 
After 2 d this callus was then transferred plate for plate into 
35x10 mm petri plates (Falcon 1008) containing 2 mi of 
GUS assay buffer which consists of 1 mg/ml 5-bromo-4- 
chloro-3-indolyl-beta-D-glucuronide (Research Organics), 
100 mM sodium phosphate pH 7.0, 5 mM each of potassium 


wt 


10 


30 


35 


50 


60 
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ferricvanide and potassium ferrocyanide, 10 mM EDTA, and 
0.06% Triton X%-100. These were incubated at 37° C. for 3 
d after which the number of blue cells was counted giving 
291 and 477 transient GUS expressing cells in the two 
plates, suggesting that the DNA delivery process had also 
occurred wilh the other bombarded plates. These plates were 
discarded after counting since the GUS assay is destructive. 
IV. Selection Process 

Hygromycin B (Calbiochem) was incorporated into the 
medium by addition of the appropriate volume of filter 
sterilized 100 mg/ml Hygromycin B in water when the 
media had cooled to 45° C. prior to pouring plates. 

Immediately after all samples had been bombarded, callus 
from all of the plates treated with pHYGIi/pBII221, 
pCHN1-1/pBlI221 and three of the plates treated with 
pLUC-1 were transferred plate for plate onto F medium 
containing 15 mg/l hygromycin B, (five pieces of callus per 
plate). These are referred to as round 1 selection plates. 
Callus from the fourth plate treated with pLUC-1 was 
transferred to F medium without hygromycin. This tissue 
was subcultured every 2~3 weeks onto nonselective medium 
and is referred to as unselected control callus. 

After two weeks of selection, tissue appeared essenually 
identical on both selective and nonselective media. All 
callus from eight plates from each of the pHYGI1/pBI1221 
and pCHN1-1/pBH221 treatments and two plates of the 
control callus on sclective media were transferred from 
round 1 selection plates to round 2 selection plates that 
contained 60 mg/l hygromycin. The 2 selection plates each 
contained ten 30 mg pieces of callus per plate, resulting in 
an expansion of the total number of plates. 

The resulting tissuc on selective media, two plates cach of 
pHYGI1/pBIl221 and PCMN1-1/pbII221 treated Ussue and 
one of control callus, were placed in GUS assay buffer at 37° 
C. to determine wheather blue clusters of cells were observ- 
able at two weeks post-bombardment. After 6 d in assay 
buffer this tissue was scored for GUS expression. 








TREATMENT REPLICATE OBSERVATIONS 
pLuc-1 no blue cells 
pHYGI/pBIf222 plate 1 1} single cells 
i four cell chister 
plate 2 5 single cells 
pCHN1-1/pBiI221 plate 3 1 single cell 
% two cell clusters 
plate 2 5 single cells 


1 two cel} cluster 
2 clusters of 8-10 ceils 





After 21 d on the round 2 selection plates, all viable 
portions of the material were transferred to round 3 selection 
plates containing 60 mg/l hydrogen. The round 2 selection 
plates, containing only tissue that was apparently dead, were 
reserved. Both round 2 and 3 selection plates were observed 
periodically for viable proliferating sectors. 

After 35 d on round 3 selection plates both the round 2 and 
round 3 sets of selection plates were checked for viable 
sectors of callus. Two such sectors were observed prolifer- 
ating from a background of dead tissue on plates treated with 
pHYGI1/pBI221. The first sector named 3AA was from the 
round 3 group of plates and the second sector named 6L was 
from the round 2 group of plates. Both lines were then 
transferred to F medium without hygromycin. 

After 19 d on F medium without bygromycin the ine 3AA 
grew very little whereas the line GL grew rapidly. Both were 
transferred again to F medium for 9 d. The lines 3AA and 6L 
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were then transferred to F medium containing 15 me¢/! 
hygromycin for 14 d. At this point, line 3AA was observed 
to be of very poor quality and slow growing. The line 6L 
however grew rapidly on F medium with 15 mg.l hygromy- 
cin. In preparation for an inhibition study of the line 6L on 
hygromycin, the line was then subcultured to F medium 
without hygromycin. 


After 10 d on F medium an inhibition study of the line 6L 
was initiated. Callus of 6L was transfered onto F medium 
containing O, 10, 30, 100, and 250 mg/ hygromycin B. Five 
plates of callus were prepared for each concentration and 
each plate contained ten approximately 50 mg pieces of 
callus. One plate of unselected contro] tissue was prepared 
for each concentration of hygromycin. 


It was found that the line 6L was capable of sustained 
growth over 9 subcultures on O, 10, 30, 100, and 250 mg/! 
hygromycin. The name of the line 6L was changed at this 
time from 6L to PH1 (Positive Hygromycin transformant 1). 

Additional sectors were recovered at various lime points 
from the round 2 and 3 selection plates. None of these were 
able to grow in the presence of hygromycin for roultiple 
rounds, i.e. two or three subcultures. 

Vv. Confirmation of Transformed Callus 


To sbow that the PH1 callus bad acquired the hygromycin 
resistance gene, a Southem blot of PH1 callus was prepared 
as follows: DNA was isolated from PH] and unselected 
control calli by freezing 2 g of callus in liquid aitrogea and 
erinding it to a fine powder which was transferred to a 30 ml 
Oak Ridge tube containing 6 ml extraction buffer (7M urea, 
250 mM NaCl, 50:mM Tris-HCI pH 8.0, 20 mM EDTA pH 
8.0, 1% sarcosine). To this was added 7 ml of phenol:chlo- 
roform 1:1, the tubes shaken and incubated at 37° C. 15 min. 
Samples were centrifuged at 8K for 10 mia. at 4° C. The 
supernatant was pipetted through miracloth (Calbiochem 
475855) into a disposable 15 ml tube (American Scientific 
Products, C3920-15A) containing 1 ml 4.4 M ammonium 
acetate, pH 5.2. Isopropanol, 6 ml, was added, the tubes 
shaken, and the samples incubated at ~20° C. for 15 min. 
The DNA was pelleted in a Beckman TJ-6 centrifuge at the 
maximum speed for 5 min. at 4° C. The supernatant was 
discarded and the pellet was dissolved in 500 ul TE-10 (10 
mM Tris-HCl pH 8.0, 10 mM EDTA pH 8.0) 15 min. at room 
temperature. The samples were transferred to a 15 ml 


Fs 


oO 
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A 32P labelled probe was prepared by random primer 
labelling with an Oligo Labelling Kit (Pharmacia) as per the 
suppliers instructions with 32P-dCTP (ICN 
Radiochemicals). The template DNA used was the 1055 bp 
BamHI fragment of pHYGI1, which is the HPT coding 

uence. The fragment was ge! purified and cut again with 
Pstl (NEB) before labelling. 

The hybridization was performed in 50% formamide, 
6xSSC, 1% SDS, 50 ug/ml denatured salmon sperm DNA 
(Sigma), 0.05% sodium pyropbosphate and all of the iso- 
propanol precipitated heat denatured probe (107 CPM/50 ug 
template). The hybridization was carried out at 42° C. 
ovemight. 

The membrane was washed twice in 50 ml 6xSSC, 0.1% 
SDS 5 min. at room temperature with shakiog, then twice in 
500 ml] 6x. SSC, 0.1% SDS 15 min. at room temperature, 
then twice in 500 mi IxSSC, 1% SDS 30 min. at 42° C., and 
finally in 500 mi 0.1xSSC 1% SDS 60 min. at 65° C. 
Membranes were exposed to Kodak K-OMAT AR film in an 
X-OMATIC cassette with intensifying screens. As shown in 
FIG. 3B, a band was observed for PH1 callus at the expected 
position of 1.05 Kb, indicating that the HPT coding 
sequence was present. No band was observed for control 
callus. 

VI. Plant Regeneration and Production of Seed 

PHI callus was transferred directly from all of the con- 
centrations of hygromycin used in the inhibition study to 
RMS5 medium which consists of MS basal salts (Murasinge 
ci al. 1962) supplemented with thiamine HC10.5 mg/l, 2,4-D 
0.75 mg/l, sucrose 50 g/l, asparagine 150 me/, and Gelrite 
2.5 g/l (Kelco Inc. San Diego). 

After 14 d on RMS medium the majority of PH1 and 
negative contro} callus was transferred to RS medium which 
is the same as RM5 medium, except that 2,4-D is omitted. 
These were cultured in the dark for 7 d at 26° C. and 
transferred to a light regime of 14 hours hght and 10 hours 
dark for 14 d at 26° C. At this point, plantlets that had formed 
were transferred to one quart canning jars (Ball) containing 
100 ml of RS medium. Plants were transferred from jars to 
vermiculite after 14 and 21 d. Plants were grown in ver- 
miculite for 7 or 8 d before transplanting into soil and grown 
to maturity. A total of 65 plants were produced from PH] aad 
a total of 30 plants were produced from contro} callus. 

To demonstrate that the introduced DNA had been 
retained in the Ro tissue, a Southern blot was performed as 


45 previously described on leaf DNA from three randomly 

Eppendorf tube and 100 ul 4.4 M. ammonium acetate, pH chosen Ro plants of PH1. As shown in FIG. 4B, a 1.05 Kb 
5.2 and 700 ul isopropanol were added. This was incubated band was observed with all three plants indicating thal the 
at ~20° C. for 15 min. and the DNA pelleted 5 min. in ap HPT coding sequence was present. No band was observed 
Eppendorf microcentrifuge (12,000 rpm). The pellet was for DNA from a control plant. 
washed with 70% ethanol, dried, and resuspended in TE-1 sq = Controlled pollinations of mature PH1 plants were con- 
(10 mM Tris-HCl pH 8.0, 1 mM EDTA). ducted by standard techniques with inbred lines A188, B73 

The isolated DNA (10 ug) was digested with BamHl and Ob43. Sced was harvested 45 days post-pollination and 
(NEB) and electrophoresed in a 0.8% w/v agarose gel at 15V allowed to dry further 1~2 weeks. Seed set vaned from 0 to 
for 16 hrs in TAE buffer (40 mM Tris-acetate, ] mM EDTA). 40 seeds per ear when PH1 was the female parent and from 
The DNA within the gel was then depurinated by soaking the 55 0 lo 32 seeds per ear when PHI was the male parent. 
gel twice in 0.25 M HCl for 15 min., denatured and cleaved VI. Analysis of the Ri Progeny 
by soaking the gel twice in 0.5 M NaOH/1.0 M NaCi 15 The presence of the bygromycin resistance trait was 
min., and neutralized by soaking the gel twice in 0.5M Tris evaluated by a root elongation bioassay, an etiolated leaf 
pH 7.4/3M NaCl 30 min. DNA was then blotted onto a bioassay, and by Southera blotting. Two ears each from 
Nytran membrane (Shlcicher & Shuell) by capillary transfer 60 regenerated PH1 and control plants were selected for analy- 
overnight in 6xSSC (20xSSC, 3M NaCl, 0.3M sodium sis. The pollen donor was inbred line A188 for all ears. 
citrate pH 7.0). The membrane was baked at 80° C. for 2 hrs (A) Root Elongation Bioassay 
under vacuum. Prebybridization treatment of the membrane Seed was sterilized in a 1:1 dilution of commercial bleach 
was done in 6xSSC, 10x Denbardt’s solution, 1% SDS, 50 in water plus alconox 0.1% for 20 min. in 125 mi Erleom- 
ug/ml denatured salmon sperm DNA using 0.25 ml prehy- 65 eyer flasks and rinsed 3 times in sterile water and imbibed 


bridization solution per cm* of membrane. Prehybnidization 
was carried out at 42° C. overnight. 


overnight in sterile water containing SO mg/ml capian by 
shaking at 150 rpm. 
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After imbibition, the solution was decanted from the 
flasks and the seed transferred to flow boxes (Flow 
Laboratories) containing 3 sheets of HO saturated germ 
nation paper. A fourth sheet of water saturated germination 
paper was placed on top of the seed. Sced was allowed to 
germinate 4 d. 


Ay 


28 
ansgenic. As sbown in FIG. SB and FIG. 5C, two out of 
seven progeny of PH1 plant 3 were transgenic as were three 
out of eight progeny of PH1 pliant 10. The blot results 
correlated precisely with data from the bioassays, confirm- 
ing that the heterologous DNA was transmitted through one 


complete sexual life cycle. All data are summanzed in Table 
3. 


TABLE 3 





ANALYSIS OF PH1 Ri PLANTS 





PH! ROOT LEAF CONT. ROOT LEAF 
PLANT ASSAY ASSAY BLOT PLANT ASSAY ASSAY BLOT 
arrears niente 
3.3 + ND + 4.1 - ND ND 
a - ND - 4.2 - ND ND 
3.3 - ND - 4.3 - ND ND 
3.4 - ND - 4.4 - ND ND 
a5 - ND ~ 4.5 - ND ND 
3.6 + ND + 4.6 ~ ND ND 
AY - ND - 4.7 - ND ND 
= ~ ND - 
10.3 + 4 + 1.3 = si ae 
16.2 + 4 + 1.2 - - ND 
10.3 - - ND 1.3 - ~ ND 
10.4 - - - 1.4 - - ND 
165 _ - - 1.5 - - ND 
10.6 ~ - - 1.6 - ~ ND 
10.7 - ~ ~ 1.7 - - ND 
10.8 ND + ie 1.8 a 2 ND 
rnp eeeeeneetertaetisieeesemarsssineeminittiininameratamnenarmeraaiite 
KEY: 
+ = transgenic; 
— = nontransgenic, 
ND = not done 
After the sced had germinated, approximately 1 cm of the EXAMPLE II 


primary root tip was excised from each seedling and plated 
on MS salts, 20 g/l sucrose, 50 mg/i bygromycin, 0.25% 
Gelrite, and incubated in the dark at 26° C. for 4 d. 

Roots were evaluated for the presence or absence of 
abundant rool hairs and root branches. Roots were classified 
as transgenic (hygromycin resistant) if they had root hairs 
and root branches, and untransformed (bygromycin 
sensitive) if they had limited numbers of branches. The 
results are shown in Table 1. 


(B) Euolated Leaf Bioassay 


Afier the root tips were excised as descnibed above, the 
seedlings of one PH1 ear and one control ear were trans- 
ferred to moist vermiculite and grown in the dark for 5 d. At 
this point 1 mm sections were cut from the tip of the 
coleoptile, surface sterilized 10 seconds, and plated on MS 
basal salts, 20 g/l sucrose, 2.5 g/l Gelrite with either 0 
(contro!) or 100 mg/l hygromycin aod incubated in the dark 
at 26° C. for 18 hr. Each plate contained duplicate sections 
of each shoot. They were then incubated in a light regimen 
of 14 hours light 10 hours dark at 26° C. for 48 br, and rated 


4G 


45 
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The procedure of Example 1 was repeated with minor 
modifications. 
j. Plant Lines and Tissue Cultures 

The embryogenic maize callus line, AB12, was used as i 
Example I. The linc had been initiated about 18 months 
before the actual bombardment occurred. 
II. Plasmids 

The plasmids pBH221 and pHYGI1 described in Example 
I were used. 
Ill. DNA Delivery Process 

Callus was bombarded exactly as in Example I except that 
the DNA uscd in the tungsten/DNA preparations differed. 
All of the tubes contained 25 ul 50 mg/ml M-10 tungsten in 
water, 25 ul 2.5 M CaCt., and 10 ul 100 mM spermidine free 
base along with a total of 5 ul 1 mg/ml total plasmid content. 
One tube contained only plasmid pBII221; two tubes con- 
tained only plasmid pHYGI1; and one tube contained no 
plasmid but 5 ul TE-1 (10 mM Tris-HCl pH 8.0, 1 mM 
EDTA pH 8.0). 

The following bombardments were done: 


55 
on a scale of from 0 (all brown) to 6 (all green) for the 
. ” - baa center NAEP A TT 
percent of green color in the leaf tissue. Shoots were 2 x pBI221 prep erie emeension 
classified as untransformed (hygromycin scasitive) if they 7 x pHYGHI prep Potential positive treatment 
bad a rating of zero and classified as transformed 3 x TE prep Negative control ucatment 
(hygromycin resistant) if they had a rating of 3 or greater. ,, aaa, 


The results are shown in Table 3. 

(C) Southem Blots 

Seedlings from the bioassays were transplanted to soil and 
are growing to sexual maturity. DNA was isolated from 0.8 
g of leaf tissue after about 3 weeks and probed with the HPT 
coding sequence as described previously. Plants with 2 1.05 
Kb band present in the Southera blot were classified as 


65 


After all the bombardments were performed, the callus 
from the pBIJ221 treatments was transferred plate for plate 
to F medium as five 50 mg pieces. After 2 d the callus was 
placed into GUS assay buffer as per Example 1. Numbers of 
transiently expressing cells were counted and found to be 
686 and 845 GUS positive cells, suggesting that the particle 
delivery process had occurred in the other bombarded plates. 
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LV. Selection of Transformed Callus 

After bombardment the callus from the pHYGI1 treal- 
ments was placed onto round 1 selection plaies, F medium 
containing 15 mg/l hygromycin, as tcn 25 mg pieces per 
plate (different from Example 1). The same was done for two 
of the plates bombarded with the TE preparation (selected 
control callus). One plate of callus bombarded with the TE 
preparation was placed onto F medium with no bygromycin, 
this callus waS maintained througbout the ongoing expern- 
ment as a source of control tissue and was referred to as 
unselected control callus. 

After 13 d the callus on round 1 selection plates was 
indistinguishable from unselected contol callus. All of the 
callus was transferred from round 1 selection plates to round 
2 selection plates containing 60 mg/l hygromycin. An 
approximate five fold expansion of the numbers of plates 
occurred. 

The callus on round 2 selection plates had increased 
substantially in weight after 23 d, but at this time appeared 
close to dead. All of the callus was transferred from round 


4 selection plates to round 3 selection plates containing 60 2 


me/l hygromycin. This traasfer of all maternal from round 2 
to round 3 selection differs from Example I in which only 
viable sectors were transferred and the round 2 plates 
reserved. 

At 58 d post-bombardment three live sectors were 
abserved proliferating from the surrounding dead tissue. All 
three Hnes were from pHYGI1 treatments and were desig- 
naied 24C, 564A, and 55A. 

After 15 d on maintenance medium, growth of the lines 
was apserved. The line 24C grew well whereas lines 55A 
and 56A grew more slowly. All three lines were transferred 
to F medium containing 60 mg/l bygromycin. Unselected 
contro! callus from maintenance was plated to F medium 
having 60 mg/l hygromycin. 

Afier 19 d on 60 mg/l hygromycin the growth of line 24C 
appeared to be entirely uninbibited, with the contro] show- 
ing approximately 80% of the weight gain of 24C. The line 
56A was completely dead, and the line 55A was very close. 
The lines 24C and 55A were transferred again to F 60 mg/l 
hygromycin as was the control ussuc. 

‘After 23 d on 60 mg/l hygromycin the line 24C again 
appeared cntirely uninhibited. The line 55A was completely 
dead, as was the negative control callus on its second 
exposure to F 60 mg/l hygromycin. 

At 88 d post-bombardment, a Sector was observed pro- 


liferating among the surrounding dead tissue on the round3 . 


selection plates. The callus was from a plate bombarded with 
plHYGI1 and was designated 13E. The callus was transferred 
to F medium and cultured for 19 d. Portions of the callus 
were then transferred to (i) F media containing 15 mg/l 
hygromycin and (ii) F media containing 60 mg/l hygromy- 
cin. Control callus was plated on F media with 15 mg/l 
hygromycin. After 14 d of culture, the callus line 13E 
appeared uninhibited on both levels of hygromycin. The 
control callus appeared to bave about 80% of the weight gain 
of 13E. The callus lines were transferred to fresh media at 
ihe same respective levels of hygromycin. 
V. Confirmation of Transformed Callus 

A Southern blot was prepared fom DNA from the line 
24C. As shown in FIG. 6B, a band was obscrved for the line 
24C at the expected size of 1.05 Kb sbowing that the line 
24C contained the HPT coding sequence. No band was 
observed for DNA from control tissue. The name of the 
callus line 24C was changed to PH2. 
VI. Plant Regeneration and Production of Seed 

The line 24C along with unselected control callus were 
placed onto RM5 medium to regenerate plants as in 
Example J. Afler 16 d the callus was transferred to R5 
medium as in Example I. 


45 


12) 
aay 


60 
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EXAMPLE I] 


The procedure of Example I] was repeated exactly except 
that different plasmids were used. 


The plasmids pBII221 and pHYGI1 described in Example 
| were used as well as pMS533 which is a plasmid that 
contains the insecticidal Bacillus thuringiensis endotoxin 
(BT) gene fused in frame with the neomycin phosphotrans- 
ferase (NPTII) gene. 5’ of the fusion gene are located 
segments of DNA from the CaMV 355 and oopaline sya- 
thase promoters. 3' from the fusion gene are segments of 
DNA denved from the tomato protease inhibitor I gene and 
the poly A region of the nopaline synthase gene. 

Callus was bombarded exactly as in Example I except that 
the DNA used in the tungsten/DNA preparations differed. 
Two tubes contained plasmids pHYGI1 and pMS533 and 
one tube contained no plasmid but 5 ul TE-1 (10 mM 
Tris-HCl pH 8.0, 1 mM EDTA pH 8.0). 


The following bombardments were done: 


ae hr car tn NERO NIE AE TAAL AN Tn 


9 x pHYGI1/pM3533 
2 x TE prep 


Potential positive treatment 
Control treatment 


ee near eeeaepesseansnsaesemmbtaenmmdaenestessensanamenann emma cnn nse 


After bombardment the callus from the pH{YGI1/pMS533 
lreatments was placed onto round 1 selection plates, F 
medium containing 15 mg/l bygromycin, as ten 25 mg 
pieces per plate. The same was done for one of the plates 
bombarded with the TE preparation (selected control callus). 
One plate of callus bombarded with the TE preparation was 
placed onto F medium with no bygromycin; this callus was 
maintained throughout the ongoing experiment as a source 
of control tissue and was referred to as unsclected control 
callus. 

After 12 d the callus on round 1 selection plates appeared 
to show about 90% of the weight gain of the unselected 
control callus. All of the callus was transferred from round 
1 selection plates to round 2 selection plates containing 60 
mg/l hygromycin as ten 30 mg pieces per plate. 

After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited. All of the callus was 
transferred from round 2 selection plates to round 3 selection 
plates containing 60 mg/l hygromycin. 

At 74 d post-bombardment a single viable sector was 
observed proliferating from the surrounding necrotic tissue. 
The callus line was from pHYG1i/pMSS533 treated material 
and was designated 86R. The callus line 86R was transferred 
to F medium. 

After 24 d the callus line 86R had grown substantially. 
Portions of the callus were then transferred to {i) F media 
containing 15 mg/l hygromycin and (il) F media containing 
60 mg/l hygromycia. Control callus was plated on F media 
with 15 mg/l hygromycin. 

After 19 d of culture, the callus line 86R appeared to grow 
rapidly and was uninhibited on both levels of hygromycin. 
The control callus appeared to have only about 50% of the 
weight gain of 86R. The callus lines were transferred to fresh 
media at the same respective levels of bygromycin to further 
test the resistance of the callus line 86R to hygromycin. 


COMPARATIVE EXAMPLE A 


The basic procedures of Examples I-III] have been 
attempted except varying the selection regime or the form of 
the callus. These other attempts, which are detailed in Table 
4 below, were not successful. Since they were nol repeated 
several times, it is pot known whether they can be made to 
work. In all of the procedures, so viable sectors were 


- 


observed. In the Table, “Sieved” indicates that the callus was 
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passed through an 860 micron sieve before bombardment, 
the selective agent was hygromycia for each case except 
when pMXTI1 was the plasmid and methotrexate the selec- 
tion agent. 


TABLE 4 





Summary of Campa2rzetive Example A 








uy 


oe 
(ii) selecting a population of transformed Zea mays 
cells; and 
(iii) regenerating a fertile transgenic Zea mays plant 
therefrom, wherein said DNA is heritable, to yield 
transgenic progeny Zea mays plants; 
(b) crossing a member of a nontransgenic inbred Zea 
mays line to said wansgenic progeny plant; 
(c) recovering a fertile transgenic Zea mays progeny plant 
that comprises said DNA; and 


Recip. — ia al Roenda ‘Rowid’2. 45 (d) repeating steps (b) and (c) to yield a fertile lransgenic 
Tissue Plesmids Period «Level «Period «~—Level Period inbred Zea mays progeny, the genome of which has 
been altered by said DNA, wherein said DNA is 

Clumps pCHN1-1 13 60 21 69 81 expressed so that the transgenic inbred Zea mays plat 
pBI22] exhibits one or more phenotypic characteristics that 

Clumps see liaie 14 100 2 = render it identifiable over the corresponding untrans- 

ce ses g 60 9 50 132 15 cae Zea mays plant which does not comprise said 
pBH221 NA, and wherein the DNA 1s transmitted through a 

Clumps pCHN1-1 9 39 17 69 109 complete sexual cycle of the transgenic inbred Zea 
pBII223 mays plant to progeny plants. 

Clumps pMTXI 8 3 103 — — 6. The method of claim 5 wherein said phenotypic char- 
pBIM221 acteristic is herbicide resistance. 

Sieved sie 33 ae — = ~ 20 7. The method of claim 53 whercin said phenotypic char- 
D ca 


What is Claimed is: 
1. A method for producing a fertile transgenic Zea mays 


acteristic is insect resistance. 

8. The method of claim 7 wherein said DNA construct 
encodes a Bacillus thuringiensis endotoxin. 

9. A method of producing a fertile transgenic hybrid Zea 


plant, comprising the steps of. 25 mays plant, comprising: 

(i) bombarding intact regenerable Zea mays cells with (a) cultivating a fertile transgenic Zea mays plant pro- 
DNA-coated microprojectiles, wherein said DNA com- duced by a process comprising 
prises a selectable marker gene; (i) bombarding intact regenerable Zea mays cells with 

‘aie = 2 « “ T + - bf t ‘ nf > - 

(ii) selecting a population of transformed Zea mays cells; DNA-coated microprojectiles, wherein the DNA 
aad 39 comprises a selectable marker gene; 

(iii) regenerating = fertile transgenic Zea mays plant (ii) selecting a population of transformed Zea mays 
therefrom, wherein said DNA is heritable, to yield _ cells; and ; . - 
transgenic progeny Zea mays plants (iii) regenerating a fertile transgenic Zea mays plant 

g g : oe ce te i? 

2. The method of claim 1 wherein the fertile transgenic pales Shealainisne DNS aaa er yile 
Zea mays plant is regenerated from transformed cmbryo- 35 a6 oaiied ie als aa foe . : 
genic lissue. (b) crossing a non-transgenic inbred Zea mays line with 

3. The method of claim 1 wherein the cells are derived said transgenic Zea mays plaot; aad 
from immature embryos. (c) recovering said fertile transgenic hybrid Zea mays 

4. A method of producing a fertile transgenic Zea mays plant, the genome of which has been altered by the 
plant, comprising: : introduction of said DNA, wherein said DNA is 

> Ps a : tho t 

(a) cultivating a fertile transgenic Zea mays plant pro- expressed so tbat the transgenic hybrid Zea mays plant 
Samed be. ioesee Compre exhibits one or more phenotypic characteristics that 
Gi) ere Lotact eee Zea mays cells with eee spiel ee pias ne nae 

ae ee : a ormed Zea mays plant which does nol comprise Sal 
q | ” . ~ 
DN face mend rojectiles, said DNA comprising DNA, and wherein the DNA is transmitted through a 
a) See ChaUhS Men ee as complete sexual cycle of the transgenic hybrid Zea 
. - * - o “ 
(ii) selecting a population of transformed Zea mays mays plani to progeny plants. 
_cells; and : 10. The method of claim 9 wherein said phenotypic 
(iii) regenerating a fertile transgenic Zea mays plant characteristic is herbicide resistance. 
therefrom, wherein said DNA Is heritable, to yield a 11. The method of claim 9 wherein said phenotypic 
transgenic progeny Zea mays plant, and 59 characteristic is insect resistance. 

(b) obtaining said transgenic progeny Zea mays plant, the 12. The method of claim 11 wherein said DNA construct 
genome of which has been altered by said DNA, encodes a Bacillus thuringiensis endotoxin. ; 
wherein said DNA is expressed so that the transgenic 13. The process of any one of claim 1, 4, 5 or 9 wherein 
progeny plant exhibits one or more phenotypic char- the selectable marker pene encodes anubiotic resistance. 
acteristics that render it identifiable over the corre- 55 14. The process of claim 13 wherein the gene encodes 
sponding untransformed Zea mays plant which does resistance to bleomycin. — 
not comprise said DNA construct, and wherein the 15. The process of claim 13 wherein the gene encodes 
DNA is transmitted through a complete sexual cycle of sea to bygromycin. ; | 
the transgenic progeny Zea mays plant to progeny 16. The process of claim 15 wherein the gene is the hpt 
plants ' ere 

: 60 “ 17. The process of claim 13 wherein the gene encodes 
a : ak 7. g 

5. A method of producing a fertile transgenic inbred Zea resistance to neomycin, kanamycin or G418. 
mays plant, comprising: 18. The process of claim 17 wherein the gene is the nptll 

(a) cultivating a fertile transgenic Zea mays plant pro- gene. 
duced by a process comprising 19. The process of claim 17 wherein the gene is the opt! 

(i) bombarding intact regenerable Zea mays cells with 65 gene. 


DNA-coated microprojectiles, said DNA comprising 
a selectable marker gene; 
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PATENT ““s 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants; R.C. Lundquist et al. Examiner: G. Benzion 
Serial No.:  08/249,458" Art Unit: 1803 
Filed: May 26, 1994 Docket: 950.001US2 
For: FERTILE TRANSGENIC CORN PLANTS 


Assistant Commissioner for Patents | | . 
Washington, D. C. 20231 oa 


RESPONSE UNDER 37 C.F.R. §1.116 - EXPEDITED EXAMINING “iv 9, 
. “ 19 


PROCEDURE - GROUP 1803 ae 3 9 





Sir: 
_In response to the Office Action, mailed April 26, 1995, reconsideration and 
withdrawal of the rejection claims of the above-identified application is respectfully requested. 

At page 3 e the Office Action, the Examiner rejected claims 33 and 35 under 35 
U.S.C. §112(2) as indefinite, on the basis that claims 31 and 33 are substantial duplicates. 
This rejection is respectfully traversed. 

Briefly, claim 31 recites that in step (iv), "RI" progeny of the "RO" plant of step (iii), 
are obtained by crossing the RO plant with an inbred line. Claim 33 effectively recites step 
(iv), obtaining "R1” progeny; (v) crossing the "RI" progeny with the inbred line, and (vi) 
obtaining further "R2" progeny. 

Step 34 recites that (vil) the "further (R2) progeny” are crossed back to the inbred line 
to obtain "R3" progeny. 


Therefore, the claims are not duplicates, and withdrawal of the rejection is appropriate, 


and is respectfully requested. 


SM 0001055 
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Response Under 37 C.F.R. §1.116 Page 2 
In Re Application of: Ronald C. Lundquist 
Serial No.: 08/249,458 
Filing Date: May 26, 1994 
FERTILE TRANSGENIC CORN PLANTS 
NT ILE AEN CN CTT A at OCCA COA LT en ete nese ietneeenednenvan 
To obyiate the obviousness-type double patenting rejection, a Terminal Disclaimer is 
enclosed herewith. The Terminal Disclaimer, executed by the Assignee, disclaims the term of 
any patent to issue out of the present application that might extend beyond the term of any 
patent to issue out of commonly-assigned, co-pending U.S. application Serial No. 07/974,379. 
It is respectfully submitted that all of the claims have been placed in condition for 
allowance, and notification to that effect is earnestly solicited. 
Also enclosed is a check in the amount of $110.00 to cover the fee for submission of 
the Terminal Disclaimer. 
Respectfully submitted, 
R-C. LUNDQUIST ET AL. 
By their attorneys, 
3500 IDS Center 
80 South Eighth Street 


Minneapolis MN 55402 
~ (612) 339-0331 


Dated: _3/ So REY By: Ll: y am 


Warren D. Woessner 
Reg. ID 30,440 


SCHWEGMAN, LUNDBERG & WOESSNER, P.A. . 
WDW/skh 3 
i 


| heroby cortily thet this esrrecnc ae 
depoalted rth the Untied Bisise Pecial Senn. i 
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Types: (1 Telephonic [XFerconal [copy is givento =) sppficant JA sopticant’s representative). 


4 H s 
Exhibit shown er demonstration conducted: Rl ye: DO Na. if yes, brief description: b ah A S Cie omy pA “4 
j i 7 : ( 
“TY : A “pA PICA Gh AS 4 LAC As HE pMtocA go POC. es awe ReTeT AA 


Agreement (J) was raached with respect to soma or all of the cialms in question. ei 3 not rascned. 


Claims Pr a 0 ee 


* 


identification of prior ert discussed: : CoA, ; Ly * 








Descriotion of the ganerel nature of what was agreed ta if an agreement was reached, or any other comment: : 4 ; [ere 
| Aad sean a pot: Atadetd h A “ , wlercecke tio Re Aten Cb * taped 
af mm = { n : g f sf £ 
—-o a 4 A J - cA @, td _t ci * atthe. Pa tas,’ as ¥ 
- f} 3 5 2p ~ « -~ 
en/ Lh Xun CACHR eth : CR AS} 2 ALAS 3 CT AF AS ace 
s is {) {J « f) OT 
DAA AL ALG mn Fa 4 hese a * 7 ‘Al i han: 


Vat eA AtLotte fj cA: to Wise TE : 
{A fuller description, if necestery, and xcopy of ttré amendm ar zife, wetich he axxni ar sgreed would render tha claims allowable murt be 
sttached. Alsa, whare no copy of the s fRiments which would ndsr de canes silowable ts availedle, a summary therwof must be attached.) 


Unless the paragraphs below have besn checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS 
NOT WAIVEO AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form}. tf a rasponse to the 
last Offices action has already been Filed, then appilesnt is given one month from this tnterview date to provide a statementof the substance of thai inteniew, 


(7 It is not necessary for epplicant to provide s separate record of the substance of tha interview, 


CJ] Since the axaminer’s interview summary sbove fincluding any attachments) reflects a completa cecponss to each of the objections, rejections and 
requiremants that may ba presant in tha last Office action, and since the claims are now allowable, thls completed form ts considered to fulfill tha 
retponsa requirements of the last Office ection. 





pane ian Examiner’s Signature J N EE TARCZA 
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Bi IN THE UNITED STATES DISTRICT COURT 
2 FOR THE EASTERN DISTRICT OF MISSOURI 
2 
4 . 
MONSANTO COMPANY, 
5 | 
Plaintiit, 
6 | 7 
VS. . No. 4:01-CV-1825 CDP 
7 ; : . ‘ a 
BAYER CROPSCIENCE LP, 
8 
Defendant. 
9 
10 ae 
PRESENT : The Honorable Catherine D. Perry, Presiding © 


ATTORNEYS FOR PLAINTIFF: John F. Lynch, Susan K. Knoll, Steven 
12 G. Spears and Joseph P. Conran | 


13 ATTORNEYS FOR DEFENDANT: George Pazuniak, Francis DiGiovanni 
and John H. Quinn, II! 


14 
15 
16 
17 
18 
Markman Hearing 
19 July 1 and 2, 2003 
20 
at 
22 
23 | TERI HANOLD HOPWOOD 
Registered Merit Reporter 
24 Thomas F. Eagleton Courthouse 
111 South Tenth Street, Room 3.348 
25 St. Louis, Missouri 63102 
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1 INDEX 


3 KENNETH KEEGSTRA 


4 Direct Examination by Ms. knoll . - -- - +--+: - 38 
5 Cross eyo wanaeion by Mr. Pazuniak ..-...-.-.. -68 
6 Redirect Examination by Ms. Knoll a re en 6 
7 


8 BARRY D. BRUCE 
9 Direct Examination by Mr. Pazuniak . .-..-.--- fit 
10 Cross Examination by Mr. Lynch . -- - - 5 - + + + - 116 


11 Redirect Examination by Mr. Pazuniak ...... . .12? 


13 T0LY 2; 2003 <« «4% 4 e+ eee ae ee ee He ee ee eee 161 
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7: QO. (By Ms. Knoll) In your deposition, Doctor Keegstra, you 

> testified that the way "fusion polypeptide" is used in the 

3 ‘835 patent is not the way you would commonly use it. Why is 
4 that? 

5S A. Most people use "fusion" to designate things that are 

6 synthetically joined together, and not naturally joined 

7 together. I say most people because I think there are some 

8 examples where people have talked about natural fusions, but 
9 generally it's reserved for things that are synthetically 

10 attached. 

11 CG. nieeeH: you read the '835 patent as a person of skill in the 
12 art, were you confused or somehow not understanding wae the 
13 inventors were meaning by the term "fusion polypeptide"? 

14 A. No, I think it's very clear if you take the whole patent 
iS in total and look at all the examples and all the 

16 specifications, what they meant by "fusion polypeptide" 

17 includes both natural -- the homologous situations and the 
18 heterologous situations. 
19 QO. Now moving to the last disputed claim term that says 
20 "permits cher Cueto polypeptide to be imported into a 
21 chloroplast of the plant cell," Doctor, you're familiar with 
22 Bayer's proposed construction where they incorporate these 
23 additional terms that say it has to direct the entire 
24 chloroplast transit peptide, and goes on further to say 


fae "intact across the chloroplast envelope membranes." Do you 
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1 circular, correct? 

2 A. I don't follow. 

3 OQ. If the word "invention" means what is claimed in the 

4 patent, and not every single example in the patent, then your 
5 testimony really doesn't prove anything, is that Correct? 

6 A. 1 don't think so. 

7 O. So the only thing you can point to, Doctor Keegstra, is 

8 this one sentence that says, "The present invention encodes a 
9 CTP/EPSPS fusion polypeptide," correct? 

10 A. That's a place. I would have to spend some time looking 
121 at the patent, but right now it's the one that comes to my 

12 mind, and it's clear to me that they are referring to the 

13. naturally occurring things that they describe later. 
14 QO. And that is your testimony, even though the term “fusion" 
15 as normally used indicates a ligation of two different 

16 sequences, correct? 
17 A. I think I said earlier that is not the term that I would 
18 have used in describing this, but that's the term that they 
19 used. I understand what they mean by it. it is not the 
20 normal -- the most common use of the term "fusion polypeptide" 
21 or "fusion protein." I grant you that, and I said that 
22 before, but I don't think it's confusing what they meant. 
23 Q. Assuming that the word "present invention" was intended to 
24 designate all of the examples, correct? 


25 A. Okay, I can assume that. 


— wre same eee + “+ Ee eh ei mY Evewewewuavareuvenen reread 
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1 common meaning. It is how scientists use the term, and when a 
2 fusion polypeptide is brought into the chloroplast, it means 


the fusion polypeptide, the whole thing. 


Lid 


re 


That's all I have, unless Your Honor has any questions. 
5 THE COURT: All right. Well, here is what we will 
6 do in this case. I suspect I know as much about this right 
7 now as I'm going to. More time will not help. I do need 
8 until tomorrow morning at ten a.m., at which time I will give 
9 you my ruling. 

10 I realize that some of you are here from out of town. 

A You don't have to be here. It would be nice if IT had one 

1.2 lawyer per side here, but that isn't even necessary. We'll be 

i3 on the record. I will resume this case and read my ruling 

14 into the record at ten a.m. tomorrow morning in this 

LS courtroom. The case is under submission until then. Court is 

16 in recess. 


Le (A recess was taken.) 
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— + wduly 2, 2003 


2 THE COURT: We're here in the case of Monsanto 
3 Corporation versus Bayer Cropscience LP, 01-CV-1825. The 
4 first thing we're going to do is I'm going to ask Ms. Kirkland 
. to hand you all each a copy ef this order, and the other 
6 copies can be for Josh and Teri. This is my order construing 
7 the claims, and I'm passing this out, and it regards the 
8 disputed terms as framed by the parties' statements of 
9 disputed issues, their briefs and their arguments. What I am 
10 stating orally now are my reasons for those decisions, and 
id there will not be any additional written opinion. 
12 As you can see from the order we have just handed you, 
i I did not accept entirely or reject entirely either party's 
14 arguments, although I suspect one party will be happier with 
LS my order than the other one. 
16 In reaching my decision, I am mindful of the claim 
17 construction rules that have been handed down by the Federal 
18 Circuit, and I'll sort of briefly cite what those are so you 
19 know I paid attention to them. 
20 Claim construction is a matter of law. The Court must 
21 look first to the intrinsic evidence of the record, that is 
22 the claims language most importantly, additionally the 
23 specification and the prosecution history, if it's in 
24 evidence, as it is in this case. Intrinsic evidence is the 


25 most significant source of the legally-operative meaning of 
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